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INTRODUCTION 


This is an Actual Weight and Balance Report - First 
Airplane - for U.S.A.F. Model F-102A as described in Detail 
Specification ZD-8-003A dated 15 May 1956. It is issued to 
comply with contractual requirements for an Actual Weight 
Report - First Airplane and conforms to the requirements of 
paragraph E-3d of AN-W-llb. | 


This report is representative of Airplanes Serial Nos. 
57-770 thru 57-789 (Contractor's Model 8-10 numbers 736 thru 755- 
Contractor's. Production Block 90). 


The report reflects the above block of airplanes as used as 
tactical aircraft with the exception of the Derivation: of Basic 
Weight, Page 54 and the Weight and Balance Handbook portion, Pages 
108 to 148 which represent the airplanes as delivered from San 
Diego to Palmdale, California. 


With ‘the installation of the MG-3, AFCS, and DATA LINK equip- 
ment, it will not be necessary to carry ballast in the normal 
mission to maintain an in-flight C.G. within limits. 


It should be noted that the gross weight shown in this report 
includes 227.5 pounds (35 gallons) of fuel in excess of that re- 
quired by the Aircraft Specification. 


The total weight of the "Items Not on this Airplane But to Be 
Installed on the Ultimate Tactical Airplane" added to the unballes- 
ted weight of the airplane as shown in this report, less the excess 
fuel, should provide an approximate weight of the Ultimate Tactical 
Airplane. | 
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Weight виду 

Useful Load 

Normal Grose Weight - Gear Dow 

Normal Gross Weight - Gear Up 

Long Range Gross Weight - Gear Up 

Most Forward С.С. - Normal Gross Weight 
"Most Aft C.G. = Normal Gross Weight 


less All Armanemt and Plus 668 ۰, 
Ballast ۱۳۳۰ ٩ ош тш CI) 


For С.С. limits sea С.С. Curves Pages 86 ۰ ۰ 
«реј. burned before lift-off (egproximately 325 lbs.) brings airplane within C.G. limits 
The horizontal reference datum used in this report is located at Sta. 0.0 which is. 
97.2 inches aft of the tip of the nose boom. The vertical reference datum is 100 
inehes belew Water Line 0.0 for the requirement of positive arms. The center line 

of thrust ic not parallel to the reference datum. 


The M.A.C. 18 205.1 inches lomg and 18 located at W.L. -16 (Arm for vartical datum 
is Ба. with its leading edge at Sta. 335.9 . 
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18 -MISSILE-UPPER P 20.7 4846 
ig — 


> СПАСЕ تو یت ا‎ np کے کہ دی تو ہے‎ ۱ j Des Қазы 
p 7 -MISSILE-CENTER Р 48.6 123.8 —  " - 20.5 ^ 
дА | | N | - t- 


21 -WATERTIGHT 
ИНА 90 Е 
-CIR RADAR COMPT-LuwR 6.1. 


n HO —A — °ə-< Tr >.> "Enq h] [ --Qc‏ ——-— — ——— ےھ ہے 


|] 


С -RAM AIR TURGIN 
-ENGINE 


-CAMERA 


abe Es e Popes ере 


1: سس‎ = A | 
TUPANELS-RON STRUCTURAL | I 
POENCLOSURE-RAM AIR TURBINE 4.6 


x 
| 


15۴7775۶ 7 STEPS + GRIPS 


FAIRING ANO FILLETS ям 


سوم —— ےم سو ——— 


EXTERIOR FINISH 


Жаа] ——‏ ہت - حور سے 


52 
53 
54 
m t TOTALS 


N 
۶ 
i 2 


УРАБЕ TOTAL 200 | ‚ 63540 

TOTAL-BODY GROUP - #6 9-11 "3499.0. 

¥ TYPE OF POWER- Н-НҮО» E-ELEC» P-PNEU, PONER TRANSMISSION FROM MAIN 
DISTRIBUTION POT T TU ACTUATING UNIT ` 

** INDICATE LOCATIO. GF MAJOR JOURS- B-L.JN4 F-PUSELAGE. НН ^^ e)» 


w - а - m=“ ے - - ~ = جح‎ c — مھ ہے‎ . 3 


AN 9102-D-TA6 ALIGHTING GEAR GROUP: | РАбЕ 18. 


NAME CONVAIR ۱ | | MODEL - ۳-2۸ 
' DATE М December 1957 ü REPORT 2н-8-069 


—— — — '——————— 


LOCAT TOR 


` QUANTITY | 
وی جا‎ $ 2 MAIN-1 NOSE : 
TIRES 2 МАШЕ! NOSE ا‎ 


"BIUBES 2 MAIN-i 8086 [|| 


ЗА К 4 
IOBRAKES 2 MAIR бах 
12 
JEA 
11380111-5۲0 DEVICE 
115 
lBFLOATS-BULKHEADS — — 
16 “FRAMES 
"117 -S€QVER'. 

19 -COVER STIFF e~LONGL 
1191 TREELSONS 


es 


СТЕР ASSERBCY 


.. ARMS 
=TRUNNIONS 
sISHIMMY DAMPER OR SHUBBER _ 


BOLTS» NUTSs‏ ود 
553COLUMN TOTALS‏ 


ETC 


56PAGE TOTAL Е | | | = 928 
5 | : | | تن‎ 
TIRE SIZE = | . | 30Х8.8  24X545 
BRK a ھ09‎ 11+000 


. BASSE: жүр» КИ - | ۱ 2 ана НЬ 


pa PUPS 


130 
13 РНЕОМАТ1С OPERATING MECH 


[Sak BOMBS, 


AM 9102-C=TAB | 
NAME CONVAIR ` 
DATE 1T pesce 1951 


2 er Er 
E 


ALIGHT ING GEAR WT 


CONTROLS, | 


RESERVOIRS 
ACCUMULATORS ` 


= 


PAGE | 
MODEL 


m 


L” CF 202A 


REPORT T 24-85989 


ACTUATOR: 


С CONTROLS 
Ж PLUMBING INCLUDING AIR. ` 


7 BOTTLES-AIR 
ACTUATORS 


MECHANI 1 


т 


Ц ——— مو‎ 


jSCOLUEN TOTALS 
2۵۳۸۵ TOTAL — — 


+ FROM MAIN DISTRIBUTION 


UELUT. E кт 


POINT TO ACTUATING о Та 


4 та 


AN 9102-0-ТАВ 
NAME ` CONVAIR 
DATE 17 Decenber 1 


— — 


ALIGHTING GEAR GROUP 


CONTROLS 


5 20 | Cl کک‎ 
| GMECHANICAL OPERATING MECH || 


7| CONTROLS 


€— 


8 ACTUATORS 


E E | 
OPERATING MOTORS 


18 MECHANISM 


ыкыс ‘OPERATING MECH ` 


я m 


"iLOCKING MECHANISM | 
4288۸5 


63118155. _ 


[T | 5 
+. 0 m. T 

+ | ит 

vs Ди 

' | E 


۰ 


&4PAREING BRAKE CONTROL | 


&5POSITION INDICATING MECH 


4 


44 TALL 
-BODY aie 


làBSUPTSs GUIDES, ETC-WING _ 


в SNACELLE 
154 ۔‎ ٤ GEAR __ 


GE TOTAL 


FER Е 
54] EFIE црта вара ور و‎ 
5350 OLUMN TOTALS 

59 


Fata ALIGHTING GEAR GROUF - PG 12-14 


* FROM MAIN DISTRIBUTION 7 


ЖУ. یھت ا‎ x سس‎ Au m 


* 


зов 


TO ACTUATING 6) Те 


AN 9102-D-TAS SURFACE CONTROLS GROUP °` . PAGE 291. — 
| МАМЕ CONVAIR |. COCKPIT AND AUTOPILOT | MODEL * Y-102/ 


№ 


DATE 17 December 1997 | REPORT `24-8-089 


1 


-PILOT 2-2 
“ASSISTANT PILOT 


222% 1147 CONNECTING ۵ 
SUPPORTS 


To PEDALS + BRK TREAD ; · ۱ IRSE КЕС GENE 2101 
17 
18 


GYROS 


+) 29% -CIRCUITRY 
)9ھ‎ 


| 3d -PITCH G LIMITER 
БРОНТЕ 


I338AUTOPILOT- ТҮРЕ- ` 


——— =. --- > - — ------- 


| 34% CIRCUITRY 2 


1 35 TRANSMITTER 
SERVO AMPLIFIER 


| ‘AW + PITCH DAMPER-ELEC | 
| қ 
| E SUPPORTS AMD BRACKETS 20 
|, 4ü* PLUMBING "| __ 
49* FLUID 
5 50% ELEC PANELS + CIRCUITRY. | 
PULLEYS, SPROCKETS» ЕТС. | НЕ 
| Nu | ee БЕК ҚАРҒАН 
| - و‎ ТОТА ALS — T = سیت ہہت‎ 
| ATOTAL- COCKPIT CONTROLS + AJTOPILÓT _ 98.0 
: US 12:26 


В + р | | * 
| * FRO MATH OISTRIBUTICN Г ИМТ TO ACTUATING (41: 


OE. 


ша a — саг эж 


Е‏ سح 
АН 9102-р-ТАв Í SURFAGE CONTROLS GROUP PAGE :‏ 

МАМЕ CONVAIR ú SYSTEM CONTROLS | MODEL ` “ғ-10 
DATE 37 December 1957 | REPORT BARS 


р у 
FLAPS ‘SPOILERS BRAKES 
oe DM 


CONTROLS 
TENSION REGULATORS 
ACTUATORS 
TRIM CONTROLS 

iQ CENTERING SPRING : 
111861. ЕС TRICAL OPERATING МЕСН | 
۱1 2۸۴ ۲ ۷ PEP | ۱ 
13 CONTROLS — — 
14%. CIRCUITRY 
OPERATING MOTORS 


ЩЕ: 


PLUMBING 
E 


: JARTIFICIAL FEEL 
2 BUNGEE 


— то — A « 


B08 WEIGHT = 


س س س 


^. BODY 
___МАсСЕЦКЕ 


5 


55 
56 
5 


COLUMN TOTALS | 
PAGE TOTAL ae 
TOTAL-SURFACE CONTROLS GRyUP = PG 19-16 


— —— 


* 


| 
| 
| 
| 
| 
x 
| 
] 
„~ [BSFAIRLEAD-ALL SYSTEMS. С 


+ FROM MAIN DISTRIBUTION POINT TO ACTUATING 411»: 
** TYPE- ADD Р-РОМЕНЕр GR 8-80051. | 


AN 9102-D-TAB ` ENGINE SECTION PAGE 83 | 
NAME CONVAIR "n. oR `. | MODEL :. Е-102/ 
DATE 34 реваньег 1990 ہت‎ · NACELLE GROUP ` | REPORT 2н-8-089 


ІШ BULKHEADS AND FRAMES | 
(12 COVER AbD STIFFENERS | 
[PL FITTINGS | 
14 LONGERONS — _ 
` [18 ATTACHING ANGLES» ETC 
14 __ = 
1 SEN 
iE - ois a ees 
LEPYLON AND STRUTS 


гд: --- ----‏ ہہس — — ہے بج س = = 


Pisa IN eiim 


ACCESSORY COWL OR SKIRT | 
` COWL FLAPS | E 


COWL FLAP CONT + MECH | 


%85ТЕР5 AND GRIPS | ۳ 
GAWORKING ۳۸۲۳ ۵695-۵۱۲ IN 
4&8INTERNAL WALKWAYS Ae 


~= 


» 
ж EF IM NACELLE OR NOH STRUCTURAL. IN WING OR OD из 


| E | 
Шээс ОМ 


ч. ~ 


D AN 9182-D- -TAB 
„МАМЕ CONVATR: 
DATE 17 December 3957 


Та “AFTERBURNER | | 
ЈУ із ENGINE AND AFTERBURNER 
E à REDUCTION GEAR BOX 
Я EXTENSION DRIVE SHAFT 
то 
1 ЦАССЕ85» GEAR БОХ + DRIVES 


Ee CHARGER “FUR TURBOS 


| ыеп DEVICES TTC 


— w ٠× سے‎ 


| | Ї * ivl Е | 


ip E EE 


азаи SYSTER 


۳ 
ü 3! 1 Fag T sy? |= = 


= 


PROPUL SON oup 
MAT 


---------<- 


MODEL | 
REPORT 


Be ІРІ Наз 5з CLAMPS aE ETE 


| ANS 
CONTRAVANES 


— 


FAN DRIVES 
CONTROLS + OPER MECH 


# AS INSTALLED WEIST 
n AM - SEE PAGE 294, 
"ныг => 


23 


E — 


120  SKIN-INLET LIP 


AN 9102-L-TAS 
NAME CONVAIR 
DATE 17 Deomüber 1957 


шээх эг ee 
PROPULSION GROUP. 


MAIN ہ‎ 
“ AIR INDUCTION SYSTEM 


PAGE R$, 
MODEL 2 
REPORT 29-8089 


ПӘЕҢСІМЕ AIR DUCTS 


81 =EXTERIOR 


22. -DUCT оо 


Aled | 8 


123 RIBS, FRAMES + STIFF, | 


FITTINGS 


T ——i—a—aa rw. — — | 
25. CLIPS + ANGLES _ 


— — ت س ا ر — 


26 STANDARD PARTS 


2" SEALS + RETAINERS | 


28 SUPPORTS 


ГР T | i | . 3 
۳ pre 1 -- - А = É 
56.0 NL OR 
T I КЭРТЧ2 
| کر‎ 
بس بسا اک‎ ње. cam маса S 
| M. زر‎ | | " TEE 
‘ed. | وچ‎ EVE 
=: - НА Won. کو ود‎ i = = << dw Deus “S ака Я \ БЭК”: 2 
s = e а "d 
А 1 MA 
+ L " ы r ` . 
02827 р | А ? = 7 0. | 
w за № 
a 


COMPRESSOR RELICF SYSTEM 


DUCTS — 


51 FAIRING *ORAIN TUBE. 


DRAIN - BLEED GOVERNOR 


7 و رھ سا تع ~ Cop‏ 


^  |BSCOLUMN TOTALS 
РАСЕ TOTAL 


AN S102-D-TAB | ` PROPULSION GROUP PAGE | Эф. 
NAME. CONVAIR | LUBRICATING AND FUEL "SYSTEMS . MDDEL ^ БЕЙІН, 321022 
DATE m Deceuher 1657, 7 ۰ ; РОМ NES ы? 


R ۱ | 7 ھت کت‎ 
نا‎ seer INCLUDED IN THE i | u ss И 
326881412 WEIGHT. ІТ SHOULD ВЕ | ГОВИ Б 
“ЇГ МйМОТЕб THAT ALTHOUGH OIL TANK | | "E ی‎ 
Er uus IS 545 GALLONS. B102A | | NEP: b ый 
26 ЖЕОЫЛЕЕМЕМІ5. FOR ANY OPERAT. NG ый 421 _ ЖЕ 22225132 


w тыра SEALS + SEALANT 
و‎ oe : 


57 * COOLERS. AND SUPPOR $ 

. |28 096Т5 AND SHUTTERS 
24 AWTO OIL TEMP VALVE | 
[30 - SHUTTER CONTROLS 

1317 SCUPPER-FILLER 
[BAFUEL VAPOR RECOVERY 


забт DILUTION SYSTEM ОТТ 
]22011 BREATHER 88-11 
361۷۸۳08 INERTION-CYL + SUPT 
37 -GENERATOR 
38 -CONTROLS 
[SSPUMP INSTALLATION QT 
40 ENGINE DRIVEN 3 
| BOOSTER | 

HAND-INCL CONTROLS 
. TRANSFER _ 


— -—— 


TA. 


* 


* AUXILIARY DIL COOLES-QTY 1» Siec 7 3/6 X i24 
OX*MAIN OIL COOLER INTEGRAL WITH 1۶٤ 


i: Sa 


|. 1477 THROTTLE — | 
25. ReRKASUPERCHARGER 


= = -: » г =" << . =. “>~ «~ == = љж = = -== چ‎ 


|. AN 9102-D-TAB PROPULSION GROUP 
МАМЕ CONVAIR | 2 MAIN 
DATE 17 Decenber 1957 аах 


— - 


VALVES AND PLUMBING 


TROLS 


ЕЕ 


Tal IGNITION 


1151 “MIXTURE 


` 
. ! 
+_ + 
А А 


“STARTER CONTROLS 
“CRANK AND EXTENSION 
PRIMER AND PIPING 

MESHING SOLENOID 

. CIRCUITRY 
в UCTS 

ji SHROlUD ANE 


INSULATION 


i32PROPELLEE INSTL-DIA 

{ЭЭ PROPELLER-OTY _ 

_ CUFFS _ | 
SPINNER ` 

CONTROLS~TYPE : 

SPEED 


БЭ Ко. 


молеа 
? [s me E % 


3l 


т OLUMN TOTALS 
IBGPAGE TOTAL | => ИГ 
TOTAL-PROPULSION-GROUP - 26 20» 204» 22 + 

ж WATER: TANKS+OTY САК PER TANK 

#* WHEN SEPARATE OIL SYST.M 15 uSED. 


E . XXX«XSUPERCHARGER INTEGRAL «ГТМ ENGENE a 


JH کے ا ےس کے‎ 
0992٥ COMPASS ши 
ERES | КЫЗ Ба : 
| = RESSs ALTIMETER 1 — __ ___ ___ 2 


со و‎ TENS ве BNET TONAL GROUPS$- FLIGHT: ENGINE + MISC. LIST SUB-GROUPS 


Ч | ална тен ہس وی‎ e سپ سے‎ тел лл тете I ma سے‎ mitt ae cw p нга یج چا‎ ето CAL OER, یف و و‎ ТО i = А 
AN 9102-D-TAS INSTRUMENT AND NAVIGATIONAL PAGE 28 2 
МАМЕ CONVAIR. — EQUIPMENT GROUP MODEL 7 'ml02A 
DATE XT December 1957 INSTRUMENTS REPORT E^ 24-8089. 
m 2 ЯВ | 00 "um IT 
ДЕШ ОМА OUP 5 ورس‎ ۱ |. | POWER | 
1 AND [ТЕМА Ж.Ғ | | Dixi AMPI | INSIL | SYSTEM | 
E | 23222225 


Басе 


ТЕН „А! 


и 
TURBINE OUTLET TEMP e 
&FUEL QUANTITY SYSTEM 
ATACHOMETER 


57101 INDICATOR. 70-250 TRCLUGED. IN ELCcTRONICS ARN-14 


۷ rai Бы БРАТЕ Nau. E KAKA В. ЛЕ МЕСЕ Б A ле 


سم مسرا 


ЕЕ T ETT TX CUR г ава i ie pe LIS қомы 
^ АМ брат ë` ж HYDRAULIC АЖО PNEUMAT ES ام 2 سی‎ 8, 
е NAME” GORA | к || m 
A و‎ DATE bd үг 
х фе 4 3 2 : 
Ж. Бар 1 UTILITY EMERG. 
an شی‎ 
o Ми 
Ё . 


| 
BUE z 


L) i dh 


37 

3 8 Жэ LN SYSTEM 
9 PE-MIL-~U-5605 

180 АРЕСТ 


Р КЕЕ В ا‎ 


ZISUPPORTS-WING 
Бе ча ‚ = | А 1 1. 
28007 — 


-- 


. SURFACE CONTROL SYSTEM 
4 16 EXTEN + NOSE WH ۸ 
SPEED BRAKES 
EMERGENCY AC GENERATOR | 
ARMAMENT ОТЪРС + 00085 RF 

LG BRAKE + EMERG EXTEN Р 
BRAKE PARACHUTE RELEASE 


— 


154 HYD RESERVOIR PRESRZTN Р Чэн | | 

SSCOLUMN TOTALS 21291 0 _— ГРЕС اس ان‎ 
PAGE TOTAL | | 32030 
|TOTAL-HYORAULIC AND PREUMATIC 65206 | ЭРЭР” 


SYSTEM PRESSURE PSI 3000 3000 | 3000 
INCLUDES SYSTEM FROM SOURCES JF POWER ТО 2۵ DISTRIGUTION POINTE 
AST LT قاط‎ AND INDICATE H-HYL4AULIC, P-PNEUGATIC | 


ха “айр 
ЗА کی‎ fee d ee 


ee T 


н — F - = 


7 4 


AN 9102-D-TAB 
NAME CONVAIR 
DATE 37 December 1957 


1 di i 


** ELECTRICAL GROUP 


As Ce 


PAGE 730 


SYSTEM MODEL, 


EE ہک‎ 

FF. 30 120-208 1 ` 

ESL ВЕ 
Го 


Hol REMOTE GENERATOR DRIVES | 


[11] EMRGNCY GENERATOR DRIV RIVE | 


-12 


|». H3 0 ee: 
` 7ھ‎ - CONVERSION" QTY 


Д5] CONVERTER AC-DC | 
Bl TRANSFORMER _ 3ظ‎ 
17| RECTIFIER | | 

MOTOR-GENERATOR | 

PHASE ADAPTER 


— зөн 
16645 [ 

22 3.5 а 

| | | МНН ЯРАР 

.. 

ыг, | EMG 

ae ен | 

(1 


19 22 
| FREQUENCY CONVERTER 


32-3 
B 
Rap 
ОБГ JENERATOR 2 | 
2. ane? voce creme و‎ 
|Е7) AMMETERS AND VOLTMETERS | 
+ [28| SWITCHES» RHEO + PANELS | __баб 
г P9 |] CIRCUIT BREAKERS + FUSES | lel 
30 JUNGTs FUSE + DIST ЗОХЕЗ | 364 
81, ВЕСЕРТ + CONNECTOR PLUG: 965 
|32) RELAYS 3 ! Г Tab 
33 WIRING 22 4208 
aal CONDUIT E 


ТІН Wi с 
38 -EXTERIOR  — 
| -LANDING-IKCL MECH 


ial. 


M —À P о 


FORFURNISBES POWER FOR ` 
iQ ELECTRONICS — — 


l| FUEL BOOSTER PUMPS ` 


| MISSILE HEATING 83 
YAW + PITCH DAMPING —— | 
AUTOSYN INSTRUMENTS. 
| PSICOLUHN TOTALS __ 
۳ анин -AC SYSTEM 
157 
` * DRIVER DY- 5 ۰. و‎ 6 
лж INCLUDES SYSTEM FROM SUU 


ВАТ. 
RCE Ol 


ЗАҢЫ DRIVE в 9 
POWER TO МАТА DISTRIGUTION POINTS 


27 ЕЗІП qD ST 


4 


взе 


Е 1 ч 
E 
afte > 
ој 5 
| | БЕ 4 
ў ~ : Та 
Ер > А ON 
14 lav]. | < 


эн, 3ڑ‎ 2r 


REPORT -8-089 


| 25 ОМЕР DISTRIBUTION + CON: 


GENERATOR CONTROL BOXES 222% کو‎ 
ЁС CUTOUTS» VOL Te REGULATORS қағы 
27 AMMETERS AND VOLTMETERS MR 


јазј  SBELLS _ 


АМ 9202-0-ТАВ ## ELECTKICAL GROUP ^ PAGE A, 


NAME CONVAIR DeC» SYSTEM ; MODEL ^ 108 
DATE 17 Decénber 1957 | i | | REPORT -2н-8-000 


K^ و شس ہہ‎ SE 


SWITCHESs RHEO + PANELS 
CIRCUIT BREAKERS + FUSES 
JUNCT + Ex * DIST BOXES 


— AND. SIGNAL DEVICES 


-EXTER TOR _ 
-LANDING-INCL HECH  — 

-STOWAGE-SPARE LAMP 
41 SIGNAL DEVICES-LIGHTS 
42 -HORNS ыг 


&5EQUIPMENT SUPPORTS-WING 
86 -ТАГЬ 


47| -BODY ` 
ғ is ACELLE 
4SFURNISHES POWER FOR 
ARC-34 
ARN-1&6  — 
S5ICOLUMN TOTALS | 113.21 ae 4243 3.2 
5GTOTAL-DC SYSTEM EV 18840 
5 ۲01۸+ ELECTEICAL GROUP ~ PG 29-3; | | 5946 
* DRIVEN BY- 5 و‎ 6 5040: TRAN? DRIVE i | n 


к= 


жж INCLUDES SYSTEM FROM SOURCE O' POWER TO МАТА DISTRIGUTIJA 40 


ee — 


ELE CTRON i Ї cs GROUP 


HE Qu I PME I COMPONENTS Ако 


TE ECL AENEA 


аш ANTENNA X TNSTALLATION 
CIRCUITRY 


“ЕЗ 
29) 
23| 
26 s 
P 
28 
29 


TRANSC MT 771 
CONTROL С-1158 


جرا 
e‏ 


lL COMMON 


TRANSC RT 220. 
40 TRANSC МТ 928 
4] CONTROL C 866 
&2| INDICATOR Ib 307 
#3 RANGE IND 10 287. 
44 
45 ANTENNA + INSTL-UPPER 


86 ANTENNA + IMSTL-LOWER ` 
7 CIRCUITRY 


ый‏ و و یس 


x LIST СОМРОМ: NTS- INCL RADOMESy MSs АРТ» SWITCHES, РЕЦАҮ5» FILTERS» ETC 
FROM MAIN DISTRIBUTION POINT To ' ¿IT ОРЕКАТЕФ» BY ; JACTIGHAL GROUPS-E «6 
СОН. НЕ. St ABEHs NAVs INST? Сон Ма ЕТС. AW СОЕ Еа ГО Al PG AIA ТЕ МЕС. 


4 ж 
| AN 9102-р%ТА> ELECTRONICS GROUP йн. PAGE _ 33. 
| NAME COKVAIR CONAUNICATIOL + NAVIGATION MODEL ' Р-102) 
| 2۸157317 December 1957 | | REPORT  ZW-B.089. 


x 5I ————— MÁ— تست - — — سے‎ 


ہو ہہ —— ~ - 


AMPLIFIER MT-1424 e Le on o tque «ka p نے سی سم‎ a d 


1 Fr раширене КИ ли ee ee | НИЕ: ТЕ 
| E CIRCUITRY | | ЮМ MS | 5211-22-22 


К. ۲ 23 | | 1 
| 21 LOAMPLIFIER АНИ ВЗ. ی‎ LU AL Vui оа 38 


| 

| 

| 

|. 

| 

20۸1-10 INTERPHONE _ —— ا‎ 


+ ` 
' 
4 š 
یچ‎ Не 2 
(4; 
_ ЈЕ ЭР 5 % 4 » n - 4 КА дж >. 2 
> ET a 
1 . сина 
š Е t o ж 74 
۰ » ил Em 
ë E 
` : 1 “~ ___ - ا‎ 
— MM  I,— — T MÀ 


—  — — —— --- -- 
[] 
r 


E AN 9102-Г-ТАЧ ELE. TRORICS GROUP PAGE". 
Ч МАМЕ CONVAIR ۱ мс-3 | , МОРЕ, 
DATE 37 December 1997 


-REGLTR VOLT» DROP-FOUR | 
-BOX-MISL INTRCNCT463004 


| : [S| -REGLTR VOLT. DROP463591, 
| -BOX INTRCNCTSRDR 463018 


Fo и ІӨІЕЕ» IR-SYNCHRNZR 401003 
159 -ХМІН» RADIO 801011 


+ | سس وس ———— 
- سے سے سے 

= ep --- 
` 


4 -DUPLXR» ХИТА . 401112 
| . -BUPLXR» RCVR 401212 
в СУР. ےم‎ : 


| |24] =CONTROL» RCV 
| COUPLER 
AMPL} CONVERTER 
ATTENUATOR 


-7 XP-XMTR RADIO 401011 


— — -- = 


3 

| 

Ч ZSYNCHRAZE 

É ITENUATOR 1. 
1 

| 

1$ 


SSICOLUMN TOTALS 
SGPAGE 0ی‎ 


+ - - — = ہہ > - --- e a = = = = = - e r-‏ — = وج + — — - مو - = ے чуо‏ ج ~ ad‏ و و رج = o‏ ےم ح = ят чә‏ ای چو جوا 
AN 9102-0-TAÀ ELECTRONICS GROUP | PAGE 35 ` —‏ 
NAME CONVAIR | мб-3 я MODEL ` ' :Pe102A‏ 
DATE 1% be Décenber 1: REPORT алганд‏ 


-OMURGLs IND-RM | 463455 یجان‎ 
11] leur. COMPUT INC 3069 A Tfl =] 0.8 
Ll SIS SENERE 


не: TEST SET AFCS | 5 Á 
118 AT COMPUTER 463321 . 


а ao хаг 


-CNTRE 4431 121 


——— —- 4 


LCMPTR.NAV AIR DAT 563013 


AA 25 PRESSURE REG 46300 
29 CONTRLsROLL + PTCH423027 
130 روج یں‎ OF IRN 463227 
| 31 ACCELRMTR» АЙС 465061 
4 [32 ACCLRMTR$A/C NORM 424161 
| 33 CONTROLSAIR DATA 7 
۱ 34. ХМТВ» PRESSURE | 
X. 35| XMTRs PRESSURE 
t 136 CONTR ALT ВКОМТКС 4636 
| id [CABLING 2222 
| — — و‎ e 
| ہا‎ 
! 0. 
| в | à Hn 
| 42 RIGHT HAND ВАСКО“ pu 3 51,5 | 
| 43 LEFT HAND RACK _ На а ТА Mx ыы, ا‎ 484.5 : | 
44| HUGHES EQUIPMENT | 5] 
| 45lCONDUIT 
| 14 © 4 
| 51 што 
|. 48 _ вые. 
| 49 
50 шир 
50۵ 15 FILTERS. 
۱ Lr ЭНЭЭ ۳ 
Ир Г و کاو‎ ы. ہے‎ 
: у 
"^ ЇВЭСОЦЫММ TOTALS _ 
| 56PAGE TOTAL č 
| 57 
| | 
| 
| 


E 


АҢ 9102-D-TAB | ELECTRONICS GROUP + PAGE , 36 ~ 
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ABMAMENT.CROUP (Cont'd. ) 


Mélanie. (contd. ) 
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Equipment & Supports - Body 
БТВ Provisions 


SINGE: EQUIPMENT GROUP ( 227.0) | (220.0) | ( 81611) 
Accommodations for Personnel | ) 161.0) 5.8)| ( 33132) 

Pilots Seat ( 107.0). | (185.5) | ( 19838). 

49.6 | 180 7308 


۰ 3814 


ANALYSIS 


PREPARED BY 
CHECKED BY 


REVISED BY 


‚ Accommodations for r Personnel(Cont га.) 


Охув en Installation 


Bottle авд Charge 

Regulators 

Supports ~ Bottle & Regulators 
Plumbing, etc. 

Piller Valve Installation 


Equi] 


phent 
"ВЫЧЕТА - Anti-Glare 
Winishteld , Rein Removal Equip. 
clips - Blind “Flying Panel 
Instrument Boards 
Consoles 
Mip айа Date Case 


Stowage - Seat, Gear, Safety Pins 


Furnishings 


Fioor Covering 
Trim 


Insignia & Service Markings 


Emergency Equipment 


Quick Disconnect 
Fire Detection System 
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۵۸۲۴ ۲ December 199 


ANALYSIS нэ 
PREPARED ВУ ا‎ | 
СНЕСКЕО ву 
REVISED BY 


с ۶ہ‎ ۳ pace T9 
| SAN DIEGO ` REPORT-NO. 71-6-89 


MODEL ۳۸ 
DATE 17 December 5 


AIR CONDITIONING & ANTI-ICING GROUP (Cont'd. ) 


Air Conditionin (сол%"4.) 


“Ducting - Bleed Air 
Shrouds - Insulation 
Ducting - Air 
Géhérator Cooling 
Cabin 
Cabin, Alternate 
Forvard. Electronics 


1! Af Electronics 


ITF Cooling 
Pressure Test. Fitting 
Electrical Controls 
Рави је Controls 


Body Suppo 
Prijs tation Sealing 
ا‎ 4 Defog 


y Beton 
Зе. Bay “Heating 


Anti-Icing 


Air Induction 
Dusting In Body 
Ehroüding ~ Insulstion 
Electrical Controls 
Circuitry 
Body Supports & Installation 
Pusumatic Controls 


‘Tanks 

Plumbing ° 
Distributor Valve 
Circuitry 


Canopy & Windshield 
Electrical Controls 
Circuitry 
Body Supports 
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‘ANALYSIS A DIVISION Ur СЕМЕНА DYNAMICS CORPORATION 
PREPARED BY SAN DIEGO REPORT NO. 2-۵-09 
CHECKED BY MODEL т.1024 

ОАТЕ17 December 1957 


REVISED BY 


HORIZONTAL _ VERTICAL 
Weight Moment | 


NORMAL GROSS WEIGHT 


Weight Empty 90 ‚ 6 
Normal Useful Load 96! 3856839 


* NORMAL GROSS WEIGHT 
30.1% M.A.C. 


Moment Change - Gear Up + 31081 | 


== لیے‎ рамена 
| | 222 8052 | (421.8) | 11833063 2198360 | 


30. 1% M. А.С. 


* Normal Gross Weight includes 35 gallons of fuel in excess of that required by the 
Aircraft Specification. If Specification fuel were used the Normal. Gross Weight 


would be 27824 ۰ 


FORM 18124 


ДЕ же ёл ۰ t 
| 5 : 1 
| “PREPARED BY | ود و رخ ود‎ É REPORT NO. 21-8-089 
| 1 ‘CHECKED BY “ЗАН oe MODEL 7-10 
| | REVISED BY DATEL 17 December 1 


| = 3 гэ mee а «а = 
М | Ч 
i 
[ 
۱ NN aV MUR اھ ابی یہ‎ ad a Qos ОО, 


HORIZONTAL _ 


LONG RANGE USEFUL LOAD ` 
МЕНЕЕ TER C ` 


| . ( 
ыг? ۳ 1515 gals.) | ( 


Aft оова 300 gals. 
External. 30 gals. ) 
011 5.5 gals. 


External Tank Provisions « Exyendable( 2: 4 (p56. 0) ( 133150) 
Metal Tanks (2) | 2 63990 


| 
۲ 
| 7 : Umuseble Puel and 1 К 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| Missiles - Forward 
Missiles - Aft 

| Rockets - Forward 
| Rockets - Aft 

1 


2.75" 216 
2.73". 216 


Survival Kit 
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ANALYSIS зон Dr Of інді ‘ON аза s... соп "on ATION 
PREPARED BY ЗАН DIEGO. | REPORT NO.  ZW-8-089 
CHECKED BY MODEL F-102A 


REVISED BY DATE 17 7 7 19 


истата VERTICAL 


LONG RANGE GROSS WEIGHT 


Weight Empty 
Long Range Useful Load 


1735463 
906165 


7973176 
5256787 


LONG RANGE GROSS WEIGHT - Gear Down 


Moment Change 


13233015 


[irop mac. 


+ LONG RANGE GROSS WEIGHT - Gear Up ( 85.7) | 2672709 


ж Fuel burned before lift-off (Approximately 3250) 
brings airplane within C.G. limits. 
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PREPARED BY SAN DIEGO REPORT NO. 7М-8-089 
CHECKED BY ۱ MODEL F-102A 
REVISED BY DATE 17 December 1951 


GROSS WEIGHT AND BALANCE CALCULATIONS 


HORIZONTAL — | VERTICAL 
четан Am | | | | 


MOST АРТ C.G. 
11833063 


- 358269 


Normal Gross Weight (Gear Up) x 28052 


2198360 
Less Armament (Expendable Portion) | - 1194 


- 77406 


Normal Gross Weight - Less Expendable 


Armament | 26858 1147479} | 242095 ۱ 
Plus Ballast ( 668 ) ( 14619)) ' 
Dumny Missiles - Forward (3) 390 274 26130 
Dumy Missiles - Aft (2) 260 367 17420 
Dummy Rockets - 2.75" Ewà. (1) 18 239 1098 


“TOTAL - MOST АРТ C.G. BALLASTED FOR | E ИШ 
TAKE-OFF C.G. OF 31.0% M.A.C. | 27526 | (N2h,h) | 11681376 


(89.6) 2165605, 


HORIZONTAL | VERTICAL | | 


MOST FORWARD C.G. 


Normal Gross Weight (Gear Down) 052 | 11830015 2567279 | 
Less Internal. Fuel 7053 | -3272187 - 592152 


TOTAL - MOST FORWARD C.G. | 20999 (107.5)| ۵8 (89.3 1875827 | 
; | яа ме ОВО W.A TO 


*Fuel burned before lift-off (approximately 3257) brings airplane within б.б. limits. 
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PREPARED BY SAM DIEGO — | REPORT мо. 2W-8-089 
CHECKED BY MODEL 1۳-12۸ 


REVISED BY DATE 17 December 1957 


LANDING GEAR EXTENDED (Retractable 


Items Only) ۱ | .9) | ( 452104) | (47.0) ( 52233) 

Main Landing Gear 923.0 15.) | ( 819398) | (16.1) ) 32832) 
Wheels 8. 51.3 39714 30.4 2675 
Tires 2. 2.8 851... 150 30.4 3034 
Tubes : 13.2 Ts 51 | 304 LOL 
Air in Tubes 2.0 03 30.4 61. 
Brakes 164.2 30.4 4992 
Fairing 80.5 58.7 4725 
Position Indicating Mechanism 1.3 40.0 52 
Doors and Mechanism 67.9 51. 3501 
Shock Struts (2) 296.6 52. 15631 
Drag Struts (2) 18.4 6%. 1178 
Side Struts. | 51.0 71. 3621 
Air In Struts 1.4 63. 89 
Valves & Pneumatic Plumbing 5.6 56. 327 
Door Actuator | š 5.4 67. .362 
Actuating Cylinder 20.2 | 81. 1636 / 
Fluid 1,5 1 80.7 363 
Landing Light 3.0 ‚ 63.5 191 

Nose Landing Gear ( 188.0) 32706) |(50.0)| ( 9391) 
Wheel 20.6 25.9 53h 
Tire 20.1 25.9 521 
Tube 3.4 25.9 88 
Air In Tube 0.6 25.9 16 
Steering Collar 5.5 50.0 275 
Taxi Light ' Q.9 51.0 46 
Shimmy Damper 17.3 52.0 900 
Door and Mechanism 26.3. 55.0 17 
Oleo Strut 61.4 55.0 3377 
Position Indicating Mechanism 2.0 53.0 106. 
Steering Mechanism 3.7 ` 69.3 256 
Drag Brace 12.5 66.0 825 
Actuating Cylinder 4.8 | 73.0 350 
Fluid 4 74.6 30. 
Door Actuator 3.5 61.0 235 
Retracting Mechanism 5.0 385 


ANALYSIS со 7 ч М کا‎ 4 | PAGE 89 : am 
PREPARED BY ° SAN DIEGO: REPORT МО, -24-8-099 мото 
CHECKED ВУ MODEL F-102A. 


REVISED BY | DATE 17 December 195 


MOMENT CHANGE - LANDING GEAR RETRACTED 


. LANDING GEAR RETRACTED (Retractable | 
Items Only) | ( 1111.0) | (409.7 )| (555158) |( 75.0) ( 83318) | 


Main Landing Gear (125293) |( 76.5)! ( 70625) 


71.6 6301. 
71.6 1136 | 
71.6 945 
| 71.6 143. 
72.6| 7 
` 60.0 60 
“109 
hold 
г 10 
1546 
1284. 
118 
470 
386 
1697 
зи 
252 


Wheels (2) 

Tires (2) 
"Tubes (2) 

Air in Tubes | 
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Fairing 

Position Indicating Mechanism 

Doors & Mechanism | 

Shock Struts (2) 

Drag Struts: (2) 

Side Struts (2) 

Air In Struts. 

Valves & Pneumatic Plumbing 

Door Actuator 

Actuating Cylinder 

Fluid 

Landing Light 
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Nose Landing Gear 61.5) ( 12689) 
Wheel 

Tire 

Tube 

Air in Tube | 

Steering Collar | 

Taxi Light 

Shimmy Damper 

Door and Mechanism 

Oleo Strut š 
Position Indicating Mechanism. 
Steering Mechanism 

Drag Brace 

Actuating Cylinder 

Fluid 

Door Actuator 

Retracting Mechanism 
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ANALYSIS acci یھ‎ 22 - 
| | а DIVISION OF GENERAL DYNAMICS: CORPORATION : А 

PREPARED BY А SAN DIEGO REPORT No. ..ZW-B-089. -, -. 

CHECKED BY ‘MODEL Е-102А I 

REVISED BY | DATE 17 December 1957 


MOMENT CHANGE - LANDING GEAR RETRACTED 


LANDING GEAR RETRACTED 


LANDING GEAR EXTENDED 


MOMENT CHANGE: (LANDING GEAR RETRACTED) 


=> 
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ANALYSIS 
PREPARED BY 


CHECKED BY · 


= 22, d ОМ. ھ‎ с-а „в PAGE 91 
SAN DIEGO REPORT МО. 7М-8-089 
MODEL Е-102А 


-------  ..—FORM. ӨМ ЗА 


REVISED BY 


GOVERNMENT FURNISHED ATRCRAFT EQUIPMENT WEIGHT VARIATION 


^| ORIGINAL | REVISED ` 


LANDING GEAR 


Wheel Assy. ~ Nose, 2h x 5.5 
Type VII 
Wheel Assy. - Main,30 x 8.8 
EHP - Type VII 
Brake Assy. - Main, Type VII 
Casing - Main Wheel 
30 x 8.8 EHP High Speed 
(18 Ply Rating) Type VII 
Tube - Main, 30 x 8.8 
(Fabric Base) - Type VII 
Casing = 24 x 5.5 EHP, 
High Speed (12 Ply Rating) 
Type VII 
Tube - 24 x 5.5 EHP 
(Fabric Base) - Type VII 


POWER PLANT 


Engine-Turbo Jet, Incl. 
Afterburner J-57-P-23A . | 5058.0 | 4995.0 
Starter-Combustion, Туре MA-2| | 
Constant Speed Accessory Drive 
Gear Box, Engine-Mounted : 23.4 
Transmission & Gear Box О | 100.5 
Drive Shaft. | 3. .8 
Cover Drive Shaft 
Negative "G" Valve 
Recirculating Valve - 
Sundstrand #680018 


INSTRUMENTS 


Indicator-Cabin Air Pressure, 
Pressurized Aircraft, 
1-7/8 in. Dial, Type MA-1 
Altimeter-Pressure-Sensitive 
Type MA-1 


DATEL? December 1957 ` 


1255 


1255 


1255 
1255 
1087 


| 1209,1255 | 


سس 


АРЕС 2. o N Ди тъ е РАСЕ 92 
PREPARED BY SAN DIEGO. | REPORT МО. ZW-8-089 
CHECKED BY MODEL F-102A 


REVISED BY | DATE 17 December 1957 


INSTRUMENTS (Cont'd. ) 


Clock - 1 Hour Elapsed Time, 
12 Hour Dial, Type A-13A 
Remote Compass - Type J^ 
Compensator-Tranemitter 
Sleved Gyro Magnetic 
Compass 27635 
Servo - Amplifier - Jh 
Control-Directional-J^ 
Panel - Control - J} 
Compass-Magnetic, 28V, 
Pilot Standby AN5766T4 
Indicator-Position, Landing 
Gear, Type AN5839-1 
Indicator - Airspeed, Mach. 
Number and Maximum 
Allowable, ,Airspeed 
Type МЕ-\ 
Indicator - Turn & Slip, 
با‎ Min. Turn, 28V, DC 
Type MD-1A 
Indicator - Attitude, 
Type MM-2 Remote Control 
Control Box (K-hB) 
Indicator - Rate of Climb, 
AN 5825-7 
Tube - Pitot Static, 24 Volt, 
AN 5816-2 
Indicator - Tachometer, 
MS28000-1 
Indicator - Electrical Tachom- 
eter, Type MU-1 
Transmitter-Hydraulic Pressure 
М528005-5 | 
Indicator-Hydra\ilic Pressure, 
MS28010-5 
Transmitter - Rate of Flow, 
(Fuel) Style J-6 
Indicator - Rate of Flow, 
(Fuel) Style A-19 


FORM ۱۵۱۵ —д 
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1255 
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1255 
1255 
1226 


1228 


1255 


1255 
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PREPARED BY | SAN DIEGO А REPORT мо.  ZW-8-089 
CHECKED BY: MODEL  F-102A 
DATElT December 1957 


REVISED BY 


GOVERNMENT FURNISHED ATRCRAFT EQUIPMENT WEIGHT VARIATION 


| ORIGINAL | REVISED | R| 
NO. SPEC. SPI CURRENT 1 05۸ 
REQ. WEIGHT RIGHT | WEIGHT AUTHORITY 


INSTRUMENTS (Gone ға.) 


Generator - Tachometer, 
Indicator - Turbine Outlet 
Temperature, MJ-2 | | 
Accelerometer - Type B-6 x 3 | 11417,1255 
Indicator - Pressure Ratio š Ке 19 1164 1255 
Transmitter-Pressure Ratio ۱ > 1164 ,1255 


ELECTRICAL 


Generator - A.C., 30 KVA | 
Panel-Contro1l, А.С. 
Regulator - Voltage, A.C. 
Generator - D.C., 30 Volt 
Panel-Control, D.C. 


ARMANENT - ORDNANCE 


Canopy Ejection Equipment 
Initiator - With Cartridge, | 
Type M-3 | 
Exactor - Type M-1 
Initiator - With Cartridge, | | 
Туре М-5 
Thruster - With Cartridge, 
Type М-3 | 
Seat Ejection Equipment 
Initiator - With Cartridge, | 
Type M-3 
Catapult - With Cartridge, 
Type M-3 
Seat Belt Equipment 
Initiator - Delay, with 
Cartridge, Type M-12 


MISCELLANEOUS FURNISHINGS & 


Harness - Shoulder, Type MB-3 
Belt - Safety, Lap, Type MA- 
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GOVERNMENT FURNISHED ATRCRAFT EQUIPMENT WEIGHT VARIATION 


| OVER OR) ECP 
| UNDER | CHANGE 
WEIGHT j AUTHORITY 


ELECTRONICS 


UHF Command Set AN/ARC-34 
Receiver-Transmitter, | | 
RT-263 ۱ 50. 1255 
Mounting - MT-1099U ; 
Control Panel -6-1057 


Intercommunication Set 
AN/ AIC-10 
Amplifier-Audio Frequency 
AM-843 ۱ H3 | M9] 291 | 1255 
Mounting-MT-1h2h 1 : | 31 | | 


Marker Beacon Кесуг. AN/ARN-12 | 
Radio Receiver-R-1224A. 1.2 | . | 1190 
Mounting - МТ-589 ۱ ۱ | | 


1190 
Marker Beacon Кесуг, AN/ARN-34 | | 
Radio Reevr. -R-666 ۱ .0 | . ' 1. 1190 
Antenna - AT-536 1 2. 3. 1190, 2529 
Mount - MT-1546 1 ۱ | 8 23 


Radio Receiving Set AN/ARN-18 ۱ ۱ 
Radio Receiver-R-322 1 13 | | 1230 
Mounting - MT-691 ۱ ۱ 


1230 
Radio Receiving Set AN/ARN-31 | | 
Radio Reevr. -R-626 | 1.2 | 1230 
Power Supply - ЕР-1170 .0 | 1230 
Mounting - МТ-1454 9 1230 
Radio Receiving Set-AN/ARN-14D 
Radio Reevr. ~R-541 
Mounting - MT-1161 
Dynamotor-DY-8h 
Mounting - МТ-962 
Indicator - Radio Control, 
ID-251 | | | 7 41! 1255 
Control Panel C-996/A 1 2. 
Indicator-Course, TD-387 3+ 3.0 3. | 1255 


Indicator-Course, ID-250 
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PAGE: 95 
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GOVERNMENT FURNISHED AIRCRAFT EQUIPMENT WEIGHT VARIATION 


(cont'd. ) 
( 


ELECTRONICS 


Radar Identifi cation Set 
АМ/АРХ -6А. 
Receiver-Trànsmitter 

ЕТ-279/АРХ 
Control-Transponder Set, 

C-1158/APX 
Mounting Base=MT-1439A 


Radar Identification Set, 
АМ/АРХ -25А 
Mounting - МТ-1151 


ARMAMENT - GUNNERY 


Fire. Control System MG-3 

Automatic Flight Control 
System 

Рафа Link AN/ARR-14 


TOTAL - WEIGHT EMPTY 


DESIGN USEFUL LOAD 


Rocket - Aircraft, Folding 
Fin 2.75" FFAR 

Missiles - Air-to-Ari, 
Hughes, GAR-1 and/or 
GAR-2 

Personnel Parachute - 
Back Type 

Survival Kit - Seat Type 

Survival Kit - Contents + 
Container 


TOTAL - USEFUL LOAD 
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PENDING CHANGES - WEIGHT EMPTY 


(Government Responsibility) 


TITLE 


Incorporate actual weights into the Spec. 


(ECP showed + 21.4. This report 
excludes ARN-21 (+ 31.8) 
APX-25 (+ 3.1) 
APX-26 (+ 1.0) 

1 


+ 0 
APX=27 + 0 
E x 


Therefore, this report shows - 15.5) 


GFAE Miscellaneous Changes 


TOTAL PENDING CHANGES WEIGHT EMPTY = 16.3 | 
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REVISED BY DATE 17 December 1957 , 


AUTHORIZED CHANGES - WEIGHT EMPTY 


(Government Responsibility) 


AN9103D 
‚ ODE 5 1C.C.N. 


TITLE 


Revise pilot escape system Юю + 8.5 
Provide pneumatic operation of drag chute in 
event of hydraulic failure + 3.6 
Install rotating beacon lights + 3.4 
Add provisions for emergency operation of ARC-34 + 11.0 
Install B-6 accelerometer + 1.6 
Revise survival kit (Weight. Empty only) - 1.0 
Change to waterproof cabin floor receptacle | 
installation - .8 
Replace ARN-12 with ARN-32 - T.5 
Delete A/B nozzle position indicating system - 3.5 
Add an accumulator to the CSD system + 10.5 
Replace Sundstrand cross shaft installation - 1.0 
Delete MG-10 blower and change attenuator - LT 
Add recirculating ignitor to the engine + 2.0 
Revise M.L.G. wing fairings and linkage + 2.1 
Replace ARN-18 receiver with ARN-31 - 3.0 
Add overrun barrier hook + 21.0 
‘TOTAL AUTHORIZED CHANGES WEIGHT EMPTY ЕЕ NEP а 45.2 
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PREPARED BY | | SAN DIEGO. REPORT No.  ZW-8-089 
CHECKED BY MODEL  F-102A 

REVISED BY DATE 17 December 1957 


AUTHORIZED CHANGES - USEFUL LOAD 


TITLE 


Replace survival kit 


` TOTAL AUTHORIZED CHANGES - USEFUL LOAD 
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-- 


CONTRACTOR RESPONSIBILITY UNDERWEIGHT 


Original Contract Weight Empty Guarantee per 
Model Specification 0-8-003۸ dated 15 Мау 1956 


Less Items Not Installed on This Aircraft 


- .FORM 1016 —А 


Weight 


REVISED BY ° DATE 17 December 1957 


19283.0 
(- 150.8 


APK-25 13.2 
АРХ-27 39.0 
Government Responsibility Changes (Ref. Pages 91 = 97) (+ 17.5. 


Authorized Weight Empty Changes 45.2 
Pending Weight Empty Changes - 16.3 
G.F.A.E. Equipment Weight Variation 11.4 
Current Contract Weight Empty Guarantee 19159.7 
Actual Weight Empty (Ref. Page 47) 19092.0 
TOTAL CONTRACTOR UNDERWEIGHT | - 67.7 


— ——— —— _ 


ANALYSIS coo N ^ M A co UR | PAGE 100 қ 
PREPARED BY | SAN DIEGO | REPORT NO. ZW-8-089 
CHECKED BY MODEL P-102A 

REVISED BY | DATEl7 December 1957 


ITEMS NOT ON THIS AIRPLANE BUT TO BE 


Ship : 
Effect 


Change M.L.G. tires from 18 to 20 ply | 


Replace double shell accumulators 
with single shell type 


9 Goverment furnish and install - 
ARN-21 
t^. 
11 Government furnish and install - 
64 Government furnish and install - 


АРХ-25 


TOTAL CHANGES Between Ship 136 
and Ultimate Tactical Airplane 


* Denotes ECP 
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ANALYSIS а DIVISION QF GENERAL DYNAMICS CORPORATION 
PREPARED BY | SAN DIEGO | REPORT NO. ZW-8-089 
CHECKED BY MODEL 1۳-2۸ 

DATE 17 Dec. 7 


REVISED BY 


UNUSABLE FUEL 


The Unusable Fuel determined below is used in Gross Weight and Balance 
calculations shown on pages 82 to 85 of this report. 


The attitude of the airplane for determining the Unusable Fuel was 5° 
nose up. 


. ЈР-Њ fuel was pumped into the airplane through the normal refueling 
adapter from an Air Force Type F-6 fueling trailer. The Ре! quantity meter 
of, the trailer had been calibrated within the preceding sixty-day period. 

In order to accomplish the calibration of the fuel quantity gage and 
demonstrate pressure refueling at the^"same time as Unusable and Trapped Fuel 
were determined, the tanks were filled to 1094.4 gallons. 


+ The temperature (70° F.) and specific gravity (.785) of the fuel were 
measured, and the total fuel weight aboard the airplane was calculated (7152.0 


lbs. (۰ : 


The fuel was then pumped out of the airplane through the booster pumps 
into weigh scales containers at 4000 lbs. per hour continuous defueling rate 
until the "Low Level Warning" Light came on. The flow rate was decreased to 
2000 lbs. per hour and maintained until pressure at the customer's connection 
fell below 10 p.s.i. or air inclusion was observed in the engine supply line. 
At this point the pumps were shut off and the fuel remaining in the airplane 


was the Unusable Fuel. 


$ 


г | | 
The amount of fuel pumped from the airplane totalled 6998.0 lbs. There- 
fore, the Unusable Fuel was as follows: 


7152.0 - 6998.0 = 154.0 lbs. 7 


у 


-FORN 1818-5 
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PREPARÉD BY SAN DIEGO REPORT NO. ZW-8-089. 
CHECKED BY MODEL Ғ-102А 

REVISED BY DATE Ч 7ھ‎ 1957 


UNUSABLE AND TRAPPED FUEL 


UNUSABLE FUEL (Cont'd. ) : р 


The calculated center of gravity of the JP- با‎ Unusable Fuel 15 ав follows: 
(Arms SS visual inspection through access doors) 


Fuel in Forward Tanks 
Fuel. in Aft Inboard Tank 
Fuel in Aft Outboard Tank 
Fuel in Lines, etc. 


ГС 78.7)| 12116 


TOTAL UNUSABLE FUEL (ЈР-ћ) 


The Trapped Fuel determined below is used in the Weight and Balance Handbook 
ANO1-1B-hÀO. 

After the Unusable Fuel was determined, the airplane was changed from a 5° nose 
up attitude to level position. 

Fuel was then drained from each of the six wing drains and from the "Y" dratn in 
the fuselage. This fuel was weighed and subtracted from the previously determined 
Unusable Fuel to arrive at the weight of the Trapped Fuel. 


154.0 - 98.0 = 15 9 106. 


surface. Excluding upper regions, wetted by fuel and consuming only small amounts, 
the Trapped Fuel is contained within these milled areas on the lower surface. Since 
the milled cavaties are?proportionate to the surface area the Trapped Fuel has been 
distributed as a function of surface area and the horizontal Center of Gravity of 
the skin proper. The resulting derivation is as follows: 


HORIZONTAL 


| 
| The Fuel Tight Skins | are sculptured by milled areas spaced over the entire inner 


Fuel in Forward Tanks 1888 | 

Fuel in Aft Inboard Tanks 94 | 

Fuel in Aft Outboard Tanks 1580 | 
( 76.8) №12 


| 
| | | TOTAL TRAPPED FUEL JP-h 
| 


ہمہ ہہ _— 
een‏ ——— + 
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PREPARÉD BY SÀN DIEGO — — | REPORT NO. ZW-8-089 | 
CHECKED ву à MODEL  F-202A 
REVISED BY : 


DATE l7 December 1951 


TRAPPED OIL DETERMINATION 


Prior to determining the amount;:of trapped oil in the airplane's oil system, 
the preserving oil vas чара from the engine. 


Oil was poured from a container into the engine and the tare weight of the 
container determined. The engine was then run until the oil temperature reached 
160? Е. At this température the oil is admitted to the air-oil cooler. The 
engine was stopped, and oil was drained from the normal tank drain into a pre- 


viously-weigtied container. 

The summary of weights follows: 
Added 011 
Oil and Container 52.861 
Container 6.862 
Oil 6.13 gals. кезе 
Drained 011 
Oil and Container 28 
Container Қ 
Oil 3.27 gals. 21 
Trapped Oil 
Oil Added 


Oil Drained 
Trapped Oil 


To avoid use of decimals in balance computations, the above figure has been 
arbitrarily "rounded off" to 21.0 lbs. 


The calculated center of gravity is at Station 513.0 horizontally and Sta- 
tion 100 vertically. 
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PERMISSIBLE TAKE-OFF (AT ENGINE START) s cor x 
C.G.LIMITS-% МАС DATE: SEE SHEET 1 
| | Page: 135 
(TO BE ENTERED IN LIMITATIONS BOX ON FORM F) Report No: ZW~8-089 
Model: 7-02۸ 


NORMAL TACTICAL MISSION - 2.75" DIA ROCKETS 
(FOR MISSION WITH EXTERNAL TANKS SEE SHEET 7) Date: 17 December 1957 


TAKE-OFF C.G. LIMITS ARE DEPENDENT ON THREE VARIABLES; GROSS WEIGHT, AMOUNT OF FUEL, AND TYPE OF ARMAMENT. CHANGE OF 
ANY ONE OF THESE ITEMS FROM THE PREVIOUS FLIGHT LOADING ON FORM F MAY NECESSITATE DETERMINING NEW C.G. LIMITS FROM THE 


CHARTS BELOW, 
AFT PERMISSIBLE TAKE-OFF 
FORWARD PERMISSIBLE TAKE-OFF C.G.-% MAC „6. - ХМАС 


TYPE OF ARMAMENT 


^ 
ur . 
v zn zo НЫ 5 
GROSS WEIGHT - POUNDS 353685 ш ш t 
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AEERERRREREREZEZZZEIIPPPE تیه‎ Sa 5 42% 
їй کات ده للا‎ 6 а 
TE FEY - Л 
ایل ا الہ ا ال‎ ERECT ТЭ 
ی ال‎ г | 
[== APP ۔‎ ББ IR “m | 
اس ال لا لے‎ эгч T 
ییالال الیل‎ ГЕ ҮЭ ТЕТ 
Гэ ТЕ ЭЭ oe 
ГЭ کت‎ ТЭ TTT mee 
392 чин 5 شس لاح ود‎ 
لح الیل‎ EPR ا الا ا الد تق‎ aa ju pis pu 
کی == و انا لے‎ 22520) 
D — Е 
БЄЄН 
| ын — ا یی‎ ES Дан لحم‎ Ц 30 200 
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*DENOTES EITHER DUMMY ARMA- 
MENT OR'NO ARMAMENT. 


EXAMPLE: TAKE-OFF GROSS WEIGHT (FROM REF 12, FORM Р). ۰۰۰۰۰ 27,700 LBS 
INTERNAL FUEL (FROM REF 7, FORM F} .,........... 7,100 LBS 
LIVE ARMAMENT (FROM REF 6, FORM F) ............ 6 MISSILES & 24 ROCKETS 


TO FIND THE FORWARD C.G. LIMIT USING THE ABOVE EXAMPLE FIGURES: 
«) READ DOWN THE FUEL COLUMN TO 7100 LBS. 
b) FOLLOW HORIZONTAL LINE TO LEFT UNTIL IT INTERSECTS VERTICAL LINE EXTENDING DOWNWARD FROM 27,700 LBS 


GROSS WEIGHT. 
c) THE INTERSECTION 15 IN THE "29.4% MAC AREA", ENTER THIS FIGURE IN. THE C.G. LIMITS BOX ON FORM F. | 


TO FIND THE AFT C.G. LIMIT USING THE ABOVE EXAMPLE FIGURES: 


a) READ DOWN THE FUEL COLUMN TO 7100 LBS. | 
b) FOLLOW HORIZONTAL LINE TO RIGHT UNTIL IT INTERSECTS FIGURE UNDER “6 MISSILES.” 24 ROCKETS”. 
c) THIS INTERSECTION IS IN THE “30,1% MAC AREA", ENTER. THIS FIGURE IN THE C.G. LIMITS BOX ON FORM F. 


\ 

І 

THE TAKE-OFF С.б. LIMITS FOR THIS EXAMPLE, THEREFORE ARE 29.4% ТО 30,1% МАС. | 
| 

| 
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PERMISSIBLE TAKE-OFF (AT ENGINE START) C.G. LIMITS - 76 MAC 


(TO BE ENTERED IN LIMITATIONS BOX ONFORMF) Page: 136 
Report No: ZW-8-089 


EXTENDED RANGE MISSION , | -1 
WITH (2) FULL EXTERNAL TANKS AND WITH Model: F тей 1957 
AN EXTERNAL FUEL TANK TRANSFER SWITCH Date: 17 December 


TAKE-OFF C.G. LIMITS ARE DEPENDENT ON THREE VARIABLES; GROSS WEIGHT, AMOUNT OF FUEL AND TYPE OF ARMAMENT. 
CHANGE OF ANY ONE OF THESE ITEMS FROM THE PREVIOUS FLIGHT LOADING ON FORM F MAY NECESSITATE DETERMINING 
NEW C.G. LIMITS FR СМ THE CHARTS BELOW. 
AFT PERMISSIBLE TAKE-OFF 
C.G. - % MAC 


THIS. TABLE MÁY BE USED ONLY 
WITH AIRPLANES EQUIPPED WITH 
АМА а FUEL TANK TRANS- 


FER SWITCH 
FORWARD PERMISSIBLE TAKE-OFF С.С. - % MAC TYPE OF ARMAMENT 
: aw E Va. 
INTERNAL 262525 3 SEE 
oo e o о © e > о JP-4 FUEL 2946-60 2 5< 
СЭВЕЕЕВ555З3528658985585559388 Зина ш оз 
Кас m mw Om m m m m m m m m m tm m во бо mnm LOREM =< 
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UMMY ARMA- 


EXAMPLE: * MENT OR NO ARMAMENT. 
TAKE-OFF GROSS WEIGHT (FROM REF 12, FORM Ғ).................................. 31,200 LBS 

INTERNAL FUEL (FROM REF 7, ЕОВМЕ).............. хэсэглэл 0-7 .... 7100 LBS 

LIVE ARMAMENT (REF 6, ЕОВМЕ).................................. мо... о ои не 6 MISSILES & 24 ROCKETS 


TO FIND THE FORWARD C.G. LIMIT USING THE ABOVE EXAMPLE FIGURES: 
a) READ DOWN THE COLUMN TO 7100 LBS. 


b) FOLLOW HORIZONTAL LINE TO LEFT UNTIL IT INTERSECTS VERTICLE LINE EXTENDING DOWNWARD FROM 31,200 LBS 
GROSS WEIGHT. | 


c) THE INTERSECTION IS IN THE ''30,4% MAC AREA", ENTER THIS FIGURE IN THE C.G, LIMITS BOX ON FORM F. 


TO FIND THE AFT C.G. LIMIT USING THE ABOVE FIGURES: 
a} READ DOWN THE FUEL COLUMN TO 7100 LBS. 
b) FOLLOW HORIZONTAL LINE TO RIGHT UNTIL IT INTERSECTS FIGURE UNDER "6 MISSILES 24 ROCKETS”. 
¢) THIS INTERSECTION IS IN THE ''31.0 MAC AREA", ENTER THIS FIGURE IN THE C.G. LIMIT BOX ON FORM F. 


THE TAKE-OFF C.G. LIMITS FOR THIS EXAMPLE, THÉREFORE'ARE 30.4% ТО 31.05 МАС. 
راس وت‎ 


ЖЕГЕ 
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(ТО 8E ENTERED IN LIMITATIONS BOX ON FORM Р) Date: 17 December 1957 


EXTENDED RANGE MISSION 
WITH (2) FULL EXTERNAL TANKS AND WITHOUT ۰ 
AN EXTERNAL FUEL TANK TRANSFER SWITCH 


TAKE-OFF C.G. LIMITS ARE DEPENDENT ON THREE VARIABLES; GROSS WEIGHT, AMOUNT OF FUEL AND ТҮРЕ OF ARMAMENT. 
CHANGE OF ANY ONE OF THESE ITEMS FROM THE PREVIOUS FLIGHT LOADING ON FORM Е MAY NECESSITATE DETERMINING 
NEW C.G, LIMITS FROM THE CHARTS.BELOW, B 


FORWARD PERMISSIBLE TAKE-OFF С.С. - % MAC AFT PERMISSIBLE TAKE-OFF 
C.G. - % MAC 
GROSS WEIGHT - POUNDS POUNDS OF : 
|NTERNAL THIS TABLE MUST BE 
| 288g285 1 Ro е % JP-4 FUEL USED FOR AIRPLANES 
E Е 8 83 3 š E-] 5 š 58 8 8 8 = 3 NOT EQUIPPED WITH 
LE RECS В OAM а КА ша ЕЙ а ЫЯ еа ss AN EXTERNAL FUEL 
— — 6500 TANK TRANSFER 
SWITCH. {SEE SHEET 


6550 183 FOR CENTER OF 

.6600 GRAVITY GRAPH.) 

6650 THE AFT TAKE-OFF 

6700 C.G. LIMIT WETH FULL 
ЕХТЕНМА! FUEL 

6750 TANKS AND ANY ARMA- 

6800 MENT CONDITION 15 


30.6% M,A. C. 


7200 
7250 
— 7306 
‘EXAMPLE: 
TAKE-OFF GROSS WEIGHT (FROM REF 12, FORMF)......... "m ‘nee 31,200 LBS 
INTERNAL FUEL (FROM REF 7, FORM Ғ)............... iens 7100 LBS ۱ 
LIVE ARMAMENT (REF 6, FORM F)... een n Кє wa w w wie ае $ MISSILES & 24 ROCKETS 


TO FIND THE FORWARD C.G. LIMIT USING THE ABOVE EXAMPLE FIGURES: 


а) READ DOWN THE, FUEL COLUMN ТО:7100 LBS. 


b) FOLLOW HORIZONTAL LINE TO LEFT UNTIL IT INTERSECTS VERTICAL LINE EXTENDING 
DOWNWARD. FROM 31,200 LBS GROSS WEIGHT. 


с) THE INTERSECTION IS. IN THE "20.48, MAC AREA”, ENTER THIS FIGURE ІМ THE C.G. LIMITS 
BOX ON FORM F. 


THE AFT C.G. LIMIT WITH EXTERNAL FUEL TANKS INSTALLED, REGARDLESS OF ARMAMENT CONDITION, 
15 20,6% MAC. ENTER THIS FIGURE IN THE C.G. LIMITS ВОХ ON FORM Е. 


THE TAKE-OFF C.G. LIMITS FOR THIS EXAMPLE, THEREFORE ARE 30.4% TO 30.6 % MAC. 
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FUEL TABLE (CONT.) SHEET 9 OF 16 


DATE - SEE SHEET 1 
WEIGHT* ARM 1000 
28 49 


2885 
2917 
2950 
2985 
3019 
3052 
3086 
3120 
3153 
3187 
3220 
3254 
3287 
3321 
3355 
3389 
3421 
3453 
3487 
3520 


MOMENT/ 
WEIGHT” ARM | 1000 


4745 


GALLONS 
730 


740 


EXTERNAL FUEL TABLE 


IT + . | MOMENT / 


410 
420 


430 


440 
450 
460 


DROPPABLE TANK & PYLON 
UNUSABLE FUEL | 
(DROPS WITH TANK). 
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te: Dec. 1 ауа 
INTERNAL тезе ۸671 MODEL Е-102А 
ТІ *BASED UPON USE OF MIL-F-5572 FUEL TABLE SHEET 10 OF 16 


GASOLINE €6.0 LBS PER U. S. GAL. 
GALLONS. | WEIGHT* ARM 1000 
10 60 | 32 


64 
96 
127 
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ROCKET TABLE Page: 142 
NORMAL COMPLIMENT - 24 REQ. Report No: 2М-8-089 
Model: г-102А 


: ber 1 
2,75" F.F.A.R. - 18.0 LBS. EACH Deve: لی سورس‎ 


ши , LOCATION WEIGHT шэг МОМЕНТ / 1000 


DOORS - FWD. 108 
: DOORS - FWD. 108 i 
6 DOORS - AFT 108 = 
6 DOORS - AFT 108 
ا‎ 14 O 


١  -_) DOORS | ЦЭЛ 11-02-20‏ مم 


MISSILE TABLE* 
NORMAL COMPLIMENT - 6 REQ, 


GAR 1D AND/OR GAR 2 127.0 LBS. EACH 


NUMBER LOCATION للدت‎ 


FWD. BAY 
FWD. BAY 
FWD. BAY | 


MOMENT / 1000 


FWD. ВАУ 


— گا دی کیہ а‏ 

AFT BAY 127. a 

AFT BAY — 

пи ==‏ سج سا SER‏ سس 
FWD. 8 AFT BAYS |: 24 |‏ 


* Does Not Include Missile Launcher - Refer To Table Below. 


MISSILE АН NCHER TABLE 


NUMBER LOCATION WEIGHT MOMENTS 1000 


FWD, BAY 22 
FWD. BAY 
FWD, BAY 

m 


FWD, BAY 


AFT BAY 

AFT BAY эн 

AFT BAY = 
| 3 ۳ ۳. АРТ в REET ES 
۰ _________Ежр, а АЕТ BAYS | 222 | 


AFT BAY 
WD, 8 AFT BAYS 


CREW CHART | OIL CHART 


PILOT AND PARACHUTE MAXIMUM = 5,5 GALS. 
NORMAL WEIGHT = 230 LBS. ARM = 492 
ARM * 171 


WEIGHT MOMENT / 1000 


1 
15 
19 
20 


23 APRIL 1957 


CHART E 

MODEL F102A 
SHEET 13 OF 16 
DATE - SEE ۶۲ 1 


Page: 143 
Report No: 2-۵-9 
Model: F-102A 


Date: 17 December 1957 


TYPICAL SERVICE LOADINGS 


JP - 4 FUEL GASOLINE 


WEIGHT MOMENT/1000 | WEIGHT MOMENT / 1000 


NORMAL ARMAMENT MISSION - 2.75" DIA. ROCKETS TYPE F.F.A.R. 
CREW (1) | 
FUEL (1080 GAL.) 
OIL (5.5 GAL.) 
MISSILES (6) 
MISSILE LAUNCHERS (6) 
ROCKETS (24) 2,75" 


EXTENDED RANGE MISSION - 2,75” DIA. ROCKETS TYPE F.F.A.R. 


CREW (1) 

FUEL (1080 GAL.) INTERNAL 
FUEL (430 GAL.) EXTERNAL 

ОҢ. (5.5 GAL.) 

TANK, PYLON & UNUSABLE FUEL 
MISSILES (6) 

MISSILE LAUNCHERS (6) 
ROCKETS (24) 2.75'* 
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by Charts A and E of Weight and Balance Handbook ТО-1-1В-40. | 
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GENERAL DATA AND SPECIAL NOTES Page: 1 
зло | Report No: 2М-8-089 
BALANCE CONDITIONS REQUIRING SPECIAL ATTENTION Model: F-102A 


Date: 17 December 1957 


An F-102 with full fuel but no oroment will have a center of grovity behind the aft limit and adequate 
stability is difficult to mointain in this configuration (see Center of Gravity Limits), The most 
desirable method of bringing the center of gravity within limits is to utilize a portion of the dummy 
aroment which is provided with each airplane, The portion necessary can be determined by working out 
a Form F ‘Weight and Balance Clearance". 


A. Flights with na live armament 


B. Flights with live armament 
There wil! be no problem on flights of this type providing center of gravity limits specified in Chart 
E are adhered ta. It might be pointed out however that the condition most apt to become critical will be 
the condition atter all arament has been fired and with 2500 Ibs of fuel remaining. This condition should 


never exceed 30.8% M.A.C. | | 
11 is assumed that armament will never be fired immediately after take-off from an F-102. 
C. No live or dummy armament available | 
If no live or dummy armament is available an acceptable center of gravity may be obtained by off loading. 
or burning fuel before take-off until a maximum of 5500 Ibs. remains. Элс 


BALLAST DISCUSSION In this discussion the terms “Едиїртеп!” and ''Compartment’’ are those defined 


A. Equipment removed from compartments А thru G must normally be replaced by ballast to maintain an 
acceptable flight center of gravity, Airplanes delivered from the factory will normally have ballast іп 
compartments: D, E and F to replace equipment not available at time of delivery. When this equipment is 
installed the ballast should be reduced to maintain approximately the same center of gravity. 

Weight increases aft of station 423 requires ballast forward of station 423 to maintain the some center 
of gravity. 

Weight decreases oft of station 423 will permit a reduction of existing ballast forward of station 423. 

To offset adverse (aft) c.g. changes, ballast may be added at any location provided that the total amount 
of ballast plus the equipment checked in airplane (See Chort''A’’) plus Test Equipment, if applicable,does 
not exceed the weight tabulated on the following table: (Missles,Rockets,& Pilot are not included} 
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3. CENTER OF GRAVITY FORMULA 
The center of gravity in percent of mean aerodynamic chord may be computed from the following formulo. 
Arm (Fuselage Station) — 335.9 
285.1 Б 


C.G. (% M.A.C.) = 100 


4, CENTER OF GRAVITY GRAPH (INTERNAL FUEL) 


A graphical representation of C.G. travel due to use of fuel and firing armament is shown below: 


24,000 


WEIGHT - POUNDS 


23,000 
22,000 | 
21,000 


20,000. 


25 26 27 28 29 30 31 32 33 34 
C.G. = % МАС. 


Point A on the solid-line curve is a typical take-off gross weight with 6 missiles and 24 rockets. Тһе 
line. from A to B represents the consumption of the fuel in tank No. 1 (aft outboard tanks); line BC 
illustrates the shift in C.G. as tank No. 2 (forward tank) is emptied; and line CD shows how the C.G. moves 
forward as the last tank (No. 3, aft inboard) is used. Point D therefore, is the weight and C.G. of the airplane 
with zero fuel and armament still aboard. 

The dotted-line curve illustrates the same consumption of fuel as the solid-line curve, the difference 
being thot there is no armament aboord. Point E is the gross weight and C.G. without armament; line EF 
corresponds to line AB etc. Point H is the weight and C.G. with zero fuel and no armament. 

lt should be noted that if both curves were 0.5% M.A.C. further aft, the take-off С.С. (point А) would be 
within limits but point '*X'” would be outside the aft limit. 

To fallow a typical mission on the curves: The take-off is at point A, fuel is burned until the aft outboard 
tank is empty (point B) if at this time all armament is fired, the gross weight and C.G. move to point F on the 
dotted-line curve; the aircraft returns to base and lands with 500 Ibs of fuel remaining (point Y). 

5. EXTERNAL TANKS 

When external tanks are used it normally will be necessary to carry a full complement of armament, either 

live or dummy. 
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6. CENTER OF GRAVITY GRAPH (INTERNAL FUEL PLUS FULL EXTERNAL FUEL TANKS) 


A graphical representation of C.G. travel due to use of jettisonable external tanks and firing of 
armament is shown below: 
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25,000 
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23,000 
22,000 
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19,000 


18,000 


Point А is а typical take-off gross weight with 6 missiles, 24 rockets, and full external fuel tanks. The 
line from A to B represents partial consumption of the fuel in tank No. 1 (aft outboard tank). At point B, 
with a maximum of 5500 pounds of internal fuel remaining, the pilot actuates the external fuel tank transfer 
switch starting the flow of fuel from the external tanks. The dotted line Кот point В to point C shows the 
use of the external fuel and the jettisoning of the tanks and pylons. Point C to point D shows the consump- 
tion of the remainder of the fuel from tank No. 1. The line DE illustrates the shift т С.С. as tank No. 2 
(forward tank) is emptied; and line EF shows how the C.G. moves forward as the last tank (No. 3 aft inboard) 
is used. Point F therefore is the weight and C.G. of the airplane with zero fuel and armament stil! aboard. 

The dashed-line curve illustrates the same consumption of fuel as the solid line curve, the difference. 
being that there is no armament aboard. Point G is the gross weight and C.G. without armament; line GH 
corresponds to line AB etc. Point L is the weight and C.G. with zero fuel and no armament. 

7. FUEL AT WEIGHING 


When weighing airplane the fuel must be in one of the following conditions; (1) tanks dry, (2) undrainable 


fuel only (reference chart A, page 16, item 2), (3) tanks full. 
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8. CENTER OF GRAVITY GRAPH (INTERNAL FUEL PLUS FULL EXTERNAL FUEL TANKS WITHOUT 

EXTERNAL FUEL TRANSFER SWITCH) : 

A graphical representation of С.С, travel due to the use of fuel (without external fuel transfer switch 
installed) and firing of armament is shown below: 
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Point А on the solid-line curve 15 а typical take-off gross weight with 6 missiles and 24 rockets. The line 
from А to B represents the consumption of the fuel in tank No. 1 (aft outboard tanks); line BC illustrates the 
shift in C.G. as tank No. 2 (forward tank) is emptied; and line CD shows how the C.G. moves forward as the 
last tank (No. 3, aft inboard) is used. Point D therefore, is the weight and C.G. of the airplane with zero fuel 
and armament still aboard. 

The dotted-line curve illustrates the same consumption of fuel as the solid-line curve, the difference being 
that there is no armament aboard. Point E is the gross weight and C.G. without armament; line EF corresponds 
to line AB etc. Point His the weight and С.С, with zero fuel and no armament. 

The phantom (— - ~ ——) line ZA & ZE shows the effect of external tanks and fuel. 

To follow a typical mission on the curves: The take-off is at point A, fuel is burned until the aft outboard 
tank is empty (point B) if at this time oll armament is fired, the gross weight and С.С. move to point Е on the 
detted-line curve; the aircraft returns to base and lands with 500 Ibs of fuel remaining (point Y). 
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. Ж Flyaway 
| RERARKS 
: | * San Diego to Palm- 
dale. 


же Permissible Rat) — 

, (at Engine Start) 

' С.С. Limits ос 

` from Sheet 6 of = 
ты 


Rockets % Missiles 
are Dummy and Non- 
Expendable (Ref. 

Item #6). А" | | 1028: ШИГ 


| ‚ COMPUTER PLATE НО, (If used) 

| CHART "Е" 
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‘PERMISSIBLE 6 
С. G. LANDING ao 
‚т Banter constant used. 
V Enter vafues from current applicable Г. О. 
t Applicable to grosa weight (Ref. 13). تل‎ 
4 Applica bis to gross weight (Ref. 15). "PILOT (зул y 2) 
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| WEIGHT AND ЭВАГДНСЕМ  ЕАВАНСЕЛ FORM кел, ДА. por use mw 
- TACTICAL : Е. ^ 2 Е 20 
(058 REVERSE FOR TRANSPORT MISSIONS) — | 


REMARKS ‘his js а Sample 
Form. Use for Reference 
only. 

*Permissible Takeoff 
(at Engine Start) C.G. 
Limits obtained from | 
Sheet 7 of Chart "E". 


Takeoff(at Engine — | "c ilz 

Start) C.G. Without | نچ‎ аата تج‎ 
External Tanks (Item 1٥ mers 
10), is 29.84 M.A.C. RT 

Takeoff 0.0. Limits ` 

(Item 10), are 29.2% | 

M.A.C. to 30.1% M.A.C. 

obtained from Sheet 6 

of Chart "E". 


COMPUTER PLATE ко. (If weed) 
CHART при 


Pestiront inatractions to the pilot for shifting load and 
crew during takeoff. and landing.ahould be noted above: 
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! Enter constant 577773 
3 Enter values from current applicable T. O. 
з Applicable to gross weight (Ref. 42). 
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This document contains information affecting the 
national defense of the United States within the 
meaning of the Espionage Laws, Title 18, U.S.C., 
Section 793 and 794, Its transmission or the 
revelation of its contents in any manner to any 
unauthorized person is prohibited by law. 
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PRELIMINARY INSTRUMENTATION REFORT ОМ Р102В АР 56-157 


The intent of this report is (a) to comply with the requirement 
set forth in Ref, A* to describe the instrumentation and/or provisions 
for installation of instrumentation equipment that Convair will supply 
on F102B-l57, and (b) to describe FTED's general understanding of the 
requirements imposed on the instrumentation system, The report includes 
& brief description of the instrumentation system, Areas in which 
Convair's assistance is essential, where airframe modifications or 
support structure and bracketry is reauired for the installation of 
equipment, will be covered in more detail. 

The general requirements imposed on the instrumentation system 
for the F102B-l57 are very similar to those on F102B-h5lh. Installation 
provisions, which Convair will provide, will be essentially the same 
as for Е1028-151, 

The information contained in this report was compiled from all 
presently available information on the instrumentation requirements, 


A more complete report will be issued October 1, 1956, 


*Ref, А: НАС Memo No, 138-935 21 February 1956 


Subject: Results of CVAC;HAC meeting regarding F102B test program, 
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DESCRIPTION OF INSTRUMENTATION SYSTEM 


The following is a brief description of the instrumentation system 
to be installed in this aircraft, It is not intended to be complete but 
merely to acquaint the reader with a general knowledge of what the system 
comprises, 

The instrumentation system includes all the necessary equipment to 
sense, measure, and record specific characteristics of the МА-1 System. 
Electronic phenomena will be recorded by magnetic tape recorders, and 
óther physical phenomena will be recorded by use of cameras strategi- 
cally located in the aircraft, 

Electronic signals picked up from the МА-1 System, aircraft trans- 
ducers, and instrumentation transducers are fed to the instrumentation 
centra} where they are converted to the proper voltage and impedance, 
This voltage is then used to modulate standard RDB subcarrier oscill- 
ators, The outputs cf the oscillators are fed to record amplifiers 
and then to magnetic tape recorders, Multiplexing techniques will be 
used wherever possible in order tó obtain maximum utilization of each 
track of magnetic tape, 

OPTICAL INSTRUMENTATION 
Strike Cameras 

Three forward-viewing motion picture cameras are required to photo- . 
graph an area directly in front of the aircraft and extending outward 
to each side approximately fifteen degrees, 

Ground Mapping Camera 
À single camera, or several small cameras will be required to photo- 


graph the terrain directly below the aircraft, 
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Cockpit Camera 

A camera installation in the cockpit is required for photographing 
various instruments on the pilot's instrument panel, 
Indicator Recorder 

This unit attaches to the radar scope and is required to photograph 


the attack display on the radar scope, 


List of Instrumentation Equipment 


The following is a list of the airborne instrumentation equipment 
necessary to satisfactorily comply with the requirements imposed on the 
instrumentation system by the proposed flight test program, 


Data Signal Junction Box 
Instrumentation Centrals 
Sub-carrier Oscillators 
Record Amplifiers 

Magnetic Tape Recorders 
Instrumentation Control Unit 
Power Junction Box 

Pilot's Control Panel 
Instrumentation Transducers 
Instrumentation Power Supplies 
Strike Cameras 

Cockpit Camera ; 
Ground Мар Cameras 

Radar Indicator Recorder 
Terminal Box 


The illustration (Fig, 1} shows the general area of installation 


for each instrumentation unit, 
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RADAR INDICATOR RECORDER 
COCKPIT CAMERA 
PILOT'S INSTRUMENTATION 


CONTROL PANEL 7 
کے‎ | il سس‎ ТА 
= Oe 
DATA SIGNAL J- BOX POWER J- BOX 
INSTRUMENTATION CENTRAL INSTRUMENTATION CONTROL 
SUB- CARRIER OSCILLATORS UNIT 


RECORD AMPLIFIERS 
MAGNETIC TAPE RECORDERS 


TRANSDUCER POWER SUPPLY 

INSTRUMENTATION POWER 
SUPPLIES 

TERMINAL BOX 

GROUND MAP CAMERA 


RIGHT SIDE STRIKE CAMERA 


CENTER STRIKE CAMERA. 


LEFT SIDE STRIKE CAMERA 


FIGURE !. 


GENERAL. LOCATION OF INSTRUMENTATION 
EQUIPMENT 
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AIRFRAME MODIFICATICNS AND/OR INSTALLATION PROVISION 
FOR INSTALLATION OF INSTRUMENTATION EQUIPMENT 


This section of the report deals primarily with that portion of the 
instrumentation installation requirements that HAC desires Convair to 
&ccomplish, These installations require airframe modifications, support 
bracketry, mounts for instrumentation equipment and fairing for camera 


installations, 


Missile Bay instrumentation Installation 

An enclosed platform for installing instrumentation equipment is 
required in the area occupied by the МВ -1 rocket, This enclosure 
should be the same as that provided for aircraft F1lO2B-5 and shall 
support a weight of lOO lbs, at maximum speed with the missile bay 
` doors open, The G forces imposed on this installation will be the 
same as would be expected in a simulated tactical attack, А mechanical 
or electrically operated hoist shall be provided to raise and lower 


the platform, 


Strike Cameras 
Three 35 mm, modified Eyemo Camera mounts should be provided in the 
general locations shown in Figure 1, These mounts will have an adjustable 
Limit as specified below, The mounts shall be rigid enough, such that 
after boresighting the camera through its adjustable limits, the camera 
Will maintain its position within Í 1 miDiradians during flight. Camera 
mounts constructed for the F102A aircraft are not considered adequate 


for this aircraft, The side strike cameras need not be retractable if 
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the maximum speed of the aircraft is not reduced by more than 5%, The 
drawing number of these cameras is 800005, A fairing over the lens 
should be provided, Optical glass shall be used in this fairing and 
shall be large enough to permit an unobstructed field of view through- 
out the adjustable limits of the camera, The angle between the plane 
of glass and the optical axis shall be as close to 90° as possible in 
order to minimize refraction and degradation of the photographs, 
Dimensions of the lens will be transmitted when available, 
Coverage of Center Strike Camera 
The maximum field of view will be: 
Azimuth = 5 degrees 
Elevation = 6 degrees 
The required adsustment limits of the center of the field of 
view with respect to the Fuselage Reference Line (FRL) are: 
Azimuth * 1 degree 


Elevation با‎ degrees up 
; 6 degrees down 
Coverage of the Side Strike Cameras 
The maximum field of view will be: 
Azimuth = 5 degrees 
Elevation * 6 degrees 


The required adjustment limits of the center of the field of 


view with respect to the FRL are: 


Starboard Port 
Azimuth h to 20 degrees با‎ to 20 degrees 
, Elevation h degrees up l degrees up 
6 degrees down 6 degrees down 
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Ground Map Camera 


À single camera or several cameras are required to photograph the 
terrain directly below the aircraft, The detailed specifications are 
not known, therefore little can be said about the type of camera or 


installation provisions, 


Cockpit Camera 


À camera installation in the cockpit is required for photographing 
various instruments on the pilot's instrument panel, This installation 


is in addition to the indicator recorder installation, 


Cooling Provisions 
ы The bulk of the instrumentation equipment will be installed in the 
| armament bay, · Аз a result considerable heat will be dissipated in this 
area and provisions for cooling should be made, Heat dissipation in 


this area will not exceed ۰ 


Power Requirements 


The following is an estimate of the power required to operate the 
instrumentation equipment, 


атаса қы сы шаа 50 AMPS 
1157 hOOCPS = = = < = 25 AMPS Single Phase 
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If the total power required, aircraft, systems, and instrumentation, 


exceeds the maximum rating of the production generators, additional 


generators should be installed by Convair, 


Wiring Information 


The following table shows applicable specifications and exemplary 


Vendor Catalog Numbers for wire which will be requested for F-102B Instru- 


mentation: 
TYPE 

22 GA, SINGLE COND. SH & J 
22 GA. 2 COND, SH & J 
20 GA, SINGLE COND, INSULATED 
16 GA, SINGLE COND, INSULATED 
10 GA, SINGLE COND, INSULATED 
15,3 uufd COAX 93 OHMS 


51 OHM COAX 
53.5 OHM COAX 


35.5 uufd SH W/GLASS 


ACCEPTABLE 
SPEC, 


MIL-W-16878A 
TYPE B 

MIL-W-16878A 
TYPE B 


MIL-W-5086 
BARRIER TYPE 


MIL-W-5006 
BARRIER TYPE 


MIL-W-5086 
BARRIER TYPE 


HIL-C-8721 


RO9 /U 
RG55/U 


PREFERED 
HAC NO. 


994313 


904405 


991,320 


VENDOR КО. 


(SEQUOIA)10110-22(7) NSIV 
(SEQUOIA)1000-22 (7) 7۲ 


(SEQUOIA)1000-22 (7) NS2V 
) SURPRENANT )MD19 32GN 
(SURPRENANT)SPEC TYPE 2 


| 
(SURPRENANT)SPEC TYPE 2 


(SURPRENANT)MD8229GN 
(SURPRENANT)SPEC TYPE 2 


( SURPRENANT )MS24138 
( MICRODOT)9 3-3906 


SPECIAL FOR HAC BY 
TENSOLITE 


NOTE: Wire Types 1, 2, & 3 will comprise about 80% of the Instrumentation wiring. 
Area to area wiring information will be included in the final instrumentation report, 
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ROOM OR MAIL STA. 
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211 
2029 
2023 
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261 
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261 
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108 
261 
261 
261 
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INTRODUCTION 


This Report describes the test instrumentation 
equipment installed by Convair inthe Y F-102 Air- 
plane, Serial No. 53-1781, as modified for the Ding 
Dong armament program. The source instruments 
and the recording equipment necessary to obtain the 
required data are listed or illustrated, and the op- 
eràtion of the test instrumentation equipment is de- 
scribed. The report also lists the standard pro- 
duction equipment removed or made inoperable to 
provide for test instrumentation equipment. Draw- 
ing 88-05874 is the general test instrumentation 
drawing for the airplane and indicates the location 
of test instrumentation items, the routing of wiring 
and tubing, and the applicable installation drawings. 


Test Instrumentation wiring and plumbing diagrams 
are published separately as Addendum I to this re- 
port. 
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TEST INSTRUMENTATION - GENERAL 

1.0 The Airplane and Principal Dimensions - This airplane, USAF Serial 
No. 53-1781 is the fifth Model 8 interceptor fighter built for the Air 
Force under Contract No. AF 33(600)-5942 by the Convair Division 
of General Dynamics Corporation, and further modified by Convair, 
San Diego, for the Ding Dong Armament Program. 
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Figure No, 1-1 The ҮЕ-102 Airplane 
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1.1 Test Purposes - The airplanes of the Y F-102 series are assigned 

x to an accelerated test program) in which certain airplanes are as- 

| signed Specific test functions. Airplane Serial No. 53-1781, аз 

| modified, has been assigned to Convair for preliminary.study of 

| АЕ the following tests: evaluation of rocket blast temperatures and 

| pressures, separation of the rocket from the aircraft for extension 
| system design consideration, engine snuffing and determination of 
| environmental design conditions for Ding Dong launching. 

x 

| 


mT 0 Test Instrumentation Equipment - Four special gun-type cameras 
S are located in the elevon fairings and will photographically record 
the separation of the missile from the airplane and the acceleration 


. N of the missile as it moves away from the airplane. The airplane's 
Ми data recording systems include a photo panel, two recording oscil- 
ааа, lographs, а dual RF’FM telemeter ‘system, and a voice recorder. 
| ean A system “О” (Consolidated Engr. Co.) amplifier system has been 
| Ри. < added to the equipment previously installed to provide the required 
| CES | amplification of the panel strain measurements. A data correlation 
| хаг system in the airplane provides time correlation counting in seconds 
| AER C and photo panel film frame reference pulses to the oscillograph and 
x : Eu г telemeter systems. А duplicate correlation counter is installed in 
) e Ни | the cockpit. Each oscillograph provides a standard reference trace 
| ora cee to facilitate data reduction. 
Acus : 
| WA A sound pressure level measuring system has been installed to 
| „Жер measure the sound levels of the rocket blast һу the installation of 
| D | six capacity microphones flush-mounted in {һе Skin. (See Figure 12-4), 
| v s Static pressure pickups have been installed to determine the changes 
S Па in static pressure оп the skin surface as the missile is launched. 
| ХӘ (See Figure 12-11). 
E “ы. Panel strain measurements and skin temperatures, will be taken at 
| КЕ locations on the airplane adjacent to the sound level microphone and 
| е static pressure pickups. (See Figure 12-11). 
ge 124 Test Instrumentation and Power Supply - Power is supplied to the 
ры, test instrumentation equipment from the standard electrical system 


of the airplane (or auxiliary ground unit). An INSTRUMENTATION 
POWER CONTROL switch located on the pilot's auxiliary instrument 
panel energizes the entire test instrumentation system with the ex- 
ception of the Flight Safety Temperature system which is operative 
when the airplane power is ON. 


tion controls consist of a correlation counter on the pilot's auxiliary 
panel above the pilot's instrument panel, a cockpit accelerometer, a 
Pt4 pressure gage and angle -of-attack autosyn indicator located on an 
additional panel forward of the auxiliary panel. (See Figure 9-1). 


E 
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switch located on the record panel energize the recording system. 
One of the RECORD switches (the TRIGGER switch) on the control 
stick starts the recording system when depressed to the first click 
and starts the armament firing cycle when fully depressed. The 
TRIGGER switch is connected in parallel to the RECORD switch on 
| "the record panel. The other RECORD switch located on the control 
| stick can also be used for operation of the recording system when 
| recording is desired without armament cycle operation. А delay of 
two seconds in pulling the TRIGGER switch from the first position 
to the second position is required to permit the oscillographs to at- 
x tain recording status prior to the beginning of the armament firing 
| 
| 


Two RECORD switches located дп the contro! stick and one RECORD 


cycle. A holding relay in the system permits the recording system 
to operate for 60 seconds after the TRIGGER switch or the control 
stick RECORD switch is released. 


| When the pilot demands recording of the armament firing cycle the 
| | photo panel camera speeds up to the fast rate selected on the photo 
| panel intervalometer FAST selector switch prior to flight. The 

| fast rate will normally be six frames per second (cine). The oscil- 
| lograph records at 50 inches per second which permits 30 seconds 

| | of recording operation. The telemeter system and voice recorder 

| | | continue to operate as before. . 


| | | 1.5 Wiring and Plumbing - The diagrams of the test instrumentation 
7 wiring and plumbing, which are separate from the airplane's sustem 
I NE. are published in Addendum I to this report. 

1.6 Standard Equipment Deleted to Permit Installation of Test Instrumenta- 


tion equipment - 
Dwg No. TVA DESCRIPTION 


"E 8-640774 8237A Removed 8-64075-801 shield assembly in 
pilot's instrument panël to permit instal- 
lation of flight test instrumentation. 


a 8-38450 17916 Removed 8-38470 scope cradle from pilot's 
| : instrument panel to permit installation of 
x flight test Instrumentation. 


| 8-64022 22513 Removed 8-64838 and 8-64839 harnesses. 
۱ ۱ Radar nose service lights not required. 
1 


9 8-60000 225'14 Removed 8-64832, 8-64834, 8-64835, and 
| 8-64836 harnesses. Deletion of electrical 
equipment makes harnesses unnecessary. 
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| Dwg No. TVA DESCRIPTION 

| 8-38009 22582 Removed 8-38009-27 and 8-38009-29 pro- 

| duction airspeed pitot-static tubes. 

| 8-87650 22588 Removed 8-87650 tubing installation. Anti- 

| | icing not required for instrumentation metal 

| nose. 

| 

| | 8-87605 22691 Removed 8-87605 assembly radome anti- 
icing equipment to permit installation of 
instrumentation, 

É 

| 8-37028 22692A Removed 8-37028-805 assembly glide path 

| antenna to permit installation of metal 

] radome. 

| | | 

| 8-71721 22693A Removed 8-71722-11, -12, -13, and -14 


antenna support fittings to permit instal- 
lation of metal radome. 


| 

| 

| 

|| mE 8-70011 22694 Removed 8-70411 radome assembly (plastic) 
| | and installed 8-07701 radome assembly 

| (metal). 

| | 8-30082 22695 Removed 8-37024 nose boom installation 

3 ; | and installed 8-07702 airspeed boom sup- 


port installation for instrumentation boom. 


8-70000 24879 Removed 8-37004 aft electronics rack and 
installed 8-37001 communication and navi- 
gation equipment to permit installation of 
instrumentation equipment. 


CONFIDENTIAL I-4 


C ۱ йг СОМЕ! | 


Photo Panel Installation 
Figure No. | Cockpit Fr 
| Figure No. 


Nose Boom Instl. 
Figure No. 


О.А.Т. Inst). 
Figure No. 


Recording Systems Instl. 
Figure No. 


Skin T/C, Pressures, Strain Gages 
& Microphones Installations 
Figure No. 


Center ву СУ 
bs 


Instrumentation | 

J Box Inflight 
Calibration 
Box #1 
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Хи 
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| Cockpit General Arrangement 
ہر‎ 7 Figurë No. 


| Rudder Position 


Elevon Position 


/ | Armament Cameras Inst), 
 Figuré No. 


| Accelerometer Instl. 
Figure No, 


| inflight 
Calibration 
Box #2 


Bottle 


| Figure No. 1-2 Instrumentation Locations 
^ i У 
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Instrumentation Item 


| Production Item 
Pilot's Auxiliary АИ аи 
`. х 
Жо à ° су | | 
مر‎ 2 _ € еј ES Flight Safety 
Armament Control P | S= АА ٠ 2 
Рапе! м КЕ 4 nu 3 
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| 
Figure No. 1-3 Cockpit Arrangement 
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Trim SN (Rel) — 


Record Switch 

Note: Pilot's Assist Equip 
Has Been Deleted From 
This Airplane & This 
Switch Can Also Be 
Used For Starting 

The Recording 

Cycle - Recording 

Will Continue For 

60 Seconds After 
Switch Is Released 


Voice Recorder 
Microphone Button 
(Without UHF 
Transmission) 
Trigger Switch — 


Note: The Trigger 
Switch Has Two 
Positions. The First 
Position, Reached At 
The First Click, 
Starts Full Record- 
ing & Starts All 
Armament Cameras; 
|. The Second, Or 

Fully Depressed 
Position, Start The 
Armament Firing 
Cycle & Continues 
The Recording & 
Camera Operation 
For 60 Seconds 


Figure No. 1-4 Pilot's Control Stick 


CONFIDENTIAL 
1-7 


CONFIDENTIAL 


TEST INSTRUMENTATION REPORT 2С-8-055 -1 
301۱۳/153 - 1 


SECTION II 


D 4TA OBTAINABLE 


2.0 General - The data obtainable is listed by item: numbers and includes 
the recording system or other means by which they were obtained. 


пет Measurement D ata Systems 
Osc. Photo Cockpit Telemeter 
| | Panel 
1 Mach No. X 
2 Indicated Airspeed | X 
3 Altitude X 
4 Indicated Airspeed X 
| 5 Angle of Attack x 
8 Time of Day x 
7 Angle of Yaw X : 
9 Pitch Rate X 
9 Roll Rate 2 
10 Yaw Rate x 
11 Rt. Elevon Position X 
' 12 Left Elevon Position x 
13 Outside Air Temperature | x 
14 Data Correlation X x X 
15 Pilot's Comments | X 
16 Normal Acceleration-CG x 
17 Normal Acceleration- X 
Cockpit 
CONFIDENTIAL 1-1 
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Item Measurement 
Osc. 
18 Long. Acceleration - CG X 
19 Lateral Acceleration - Х 
СО 
20 Photo Panel Correlation X 
Pulse 
21 Bleed Valve Position 
22 Afterburner Nozzle 
Position 
2.1 Armament and Blast « 
23 Firing Signal Pulse X 
24 High Press, Rotor 
Speed (N2) 
29 Turbine Dischg. Press, 
(Рт) 
26 Duct Wall Strain Х 
21 Radome Skin Strain X 
Sta 70.5 RH Side 
28 Radome Skin Strain x 
Sta 70.5 Bottom 
29 Panel Strain Sta 96.0 ` x 
RH Side 
30 Panel Strain Stà 245.0 x 
RH Side 
31 Panel Strain Sta 397 x 
RH Side 
32 Panel Strain Sta 499.0 


RH Side 


5 
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Data Systems 


Photo 
Panel 


Cockpit 


Telemeter 


Кет 


33 


34 


35 


36 


37 


39 


40 


41 


42 


43 


44 


45 


46 


47 


P 
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Measurement 


Panel Strai n 
Sta 555 BL 0,0 


Panel Strain Sta 
604 RH BL 13.9 


Surface Static 
Press. Sta 241 


Suríace Static 
Press. Sta 393 


Surface Static 
Press. Sta 510 


Surface Static 
Press.Sta 600 


Skin Temp 
Sta 255 


Skin Temp 
Sta 389.5 


Skin Temp 
Sta 510 


Skin Temp 
Sta 600 


Sound Press. 
Sta 118-RH 


Sound Press. 
Sta 118-LH 


Sound Press. 
Sta 255 


Sound Press. 


Sta 389.5 


Sound Press, 
Sta 510 
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Item Measurement Data Systems 
Osc. Photo Cockpit Telemeter 
Panel 
48 Sound Press. X 
Sta 600 
49 ۱ Radiant Flux X 
(Heat) Sta 40.0 
90 Tot. Boundary X 
Layer Temp 
Sta 510 _ 
51 Tot. Boundary X 
Layer Press 
Sta 510 
2.2 Airborne Cameras 
52 Launch Viewing- 
RH Side š 
03 Launch Viewing - 
LH Side 
54 Fwd Viewing - 
RH Side 
99 Fwd Viewing - 
LH Side 
2.3 Addendum Measurements 
56 Total Pressure - x 
Pt? 
57 Total Temp - X 
Tto 
58 Rudder Position x 
А 


CONFIDENTIAL П-4 
ی‎ OT EE EL EPROP EEE ро КРЕМ ЕК РИ EP ERE PRUE ی‎ PET CREE, 


=i: 


۳ 
کہ ٭ 


2.4 Launeh Viewing Cameras 
Location 
No. Sta. BL 
1 513.0 150 ВН 
2 518.0 150 LH 
2.0 Fwd Viewing Cameras 
No, Sta. BL. 
1 496.0 150 RH 
2 496.0 150 LH 
2:65 Photo Panel Data 
Item Measurement 
NO. 
3 Altitude 
4 Indicated Airspeed 
6 Time of Day 
13 Outside Air Temp 
14 Correlation Counter 
24 High Press. Rotor Speed (Ко) 
25 Turbine Discharge Press. (Рё) 


Type 

16 mm 

16 mm 

Type 

° 16 mm 

16 mm 
Range 
0-60,000 Ft 
0-700 Mph 
Hrs-Min 


Sweep Second 


-70°C To +150°C 


0-999999 


0-12000 Rpm 


0-200" He 
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Part 
No. 


Mod. GSAP 
MBH-200 


MBH-200 


Part 


No. 


Std GSAP 


N-N6 


N-N6 


Indicator 


Description 


Altimeter 


Airspeed Ind. 


Clock-8 Day 


Temp Indicator 
Counter 
Tachometer 


Manifold 
Press. Gage 


CONFIDENT 


| 
| 


Mod. О5АР 
NIBH- 200 


| 
МВН-200 


Std GSAP 
N-N6 


N-N6 


limeter 


* 


rspeed Ind. 


i 

pck-8 Day 

| 

| 

Imp Indicator 
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MFR 


Urban 


, 


Urban 


MFR 


Bell & 
Howell 


Bell & 
Howell 


Vendor 


Open 
Open 


Jaeger 


unter Veeder -Root 
ichometer Open 

\ 

18 Kollsman 
fess. Gage 
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Film 


Capacity (Feet) 


90 


50 


Film 


Capacity (Feet) 


50 


АМ5525-1 
В124806 
E9A 


838K- 
06. 


Framing 
Rate 
Ft/Sec 
50-100-200 
50-100-200 
Framing 
Rate 
Ft/Sec. 
16-32-64 
16-32-64 - 
Pickup Vendor 
Description 
Nose Boom CVAC 
Nose Boom CVAC 
Nose Boom CVAC 
Intervalometer CVAC 


Tach Generator 


Abs. Press. 


Gage 


CEC 
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Type 
Lens 


№1325 


15 mm 


Туре 


Lens 


1615 


1615 


Part 
No. 


8-01803 


8 -01803 


8 -00889 


8-02727-3 


4-312- 
204-350 


МЕН 


Elgeet. 


Dallmeyer 


MFR 


Wollensak 


Wollensak 


Location 
Sta. 


-41. 74 


- 1. 74 


+16 . ۵ 


60 


500 


II-5 
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2.7 Telemetering Data 


Item 
No. 


Measurement 


Sound Pressure 
Sound Pressure 
Sound Pressure 


Sound Préssure 


Range 


166. 
446-200 DB 


а Leur uit 
148-200 DB 


~ 


Oscillator 


TOE-31V 
TOE-31V 
TOE-31V 
TOE-31V 


TOE-31V 


23 Firing Signal Pulse 


2.8 Oscillograph Data 


Item Meusurenient Range Sou 
No. Des 


5 Angle óf Attack 7 Pot 


T Angle of Yaw | 235^ Pot 
8 Pitch Rate x45? /Sec Rat 
9 Roll Rate ' 2300? /Sec Rat 
10 Yaw Rate £20? „Вес Rat 


10° ‘Up Pot 
5° Down 


11 Rt. Elevon Position 


12 Left Elevon Position 10° Up Pot 


5° Down 
14 Data Correlation 
16 Normal Ácceleration-C.G. +10 С Ace 


Longitudinal Aceeleration-C. G. +5 G ` Асс 
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Vendor Frequency sta 
| Location 
| Of 
| Р1сКир 
Lhe 

E -31У Bendix ЛЮКС 600 
IOE-31V Bendix 70KC 510 
| D 
ЮМ Bendix «екс 389.5 
E 5814 Bendix 40KC 255 
05-31У Bendix 22KC 118 RH 
OE-31V Bendix 22KC 118 LH 
| 5 
! Source Instr. Vendor Part Station 
| Description No. Location 
[ 
! Potentiometer Galetronics RE-83 Nose Boom 

Potentiometer Galetronics RE-83 Nose Boom 
| VES 
; Rate Gyro Minn- Honeywell JG1005A28 Sta 398 
| Rate Gyro Giannini 3611-F-300- Sta 398 
У | 20 
| Rate Gyro Minn- Honeywell 767005 А7 Sta 398 
[ Potentiometer Galetronics 5Е-7 Inbd Elevon 
| Hinge 
| Potentiometer Galetronics SF-7 Inbd Elevon 
Ї Hinge 
| 
| 
t 
| Accelerometer Statham А17-10-120 Sta 398 
| . | 
| Accelerometer Statham А17-5-350 Sta 398 
| 
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31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


Mensurement 


Lateral Acceleration-C. G. 
Photo-Panel Correlation Pulse 
Duct Wall Strain 

Radome Skin Strain 


Radome Skin Strain 


Panel Strain 

Panel Strain 

Panel Strain 

Panel Strain 

Panel Strain 

Panel Strain 

Surface Static Pressure 
Surface Static Pressure 
surface Static Pressure 
Surface Static Pressure 
Skin Temperature 


Skif Temperature 
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Range Source T 

Deséription 

£3 G MEN 

25.000-45, 000 Strain " 

psi | 

Strain cast 

Strain Gage 

Strain мн 

Strain Gage 

Strain Gag 

20, 000-45, 000 Strain Gag 
psi 

25. 000-45, 000 Strain Gag 
psi 


25. 000-45, 000 
psi 


Strain Gag 


0-20 Psia Press. Tr 

0-20 Psia Press. | 

0-50 Psia Press. i 

0-50 Psia Press. n 

0-600%Ғ Cr/Al тһ! 

Couple | 

| 

0-800°F Cr/Al Thi 

| Couple | 

à 7 | 
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puree Instr. 
scription 


ксеїегогпеїег 


train Gage 


18 Gage 


train Gage 
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PHOTO PANEL RECORDING SYSTEM 


3.0 


zA 2. 


standard aircraft instruments and a correlation eountér is installéd 
in the upper part of the nose section forward of Station 70. The 
system inclides a 35 mm camera, filmi magazines, a panel of instru- 
ments, and the necessary photographic lighting equipment. The 


Operation and Control - The photo panel camera operates contiriu- 
ously at the slow preselected rate whenever the INSTRUMENTA- 
TION POWER and PHOTO PANEL switches on'thé instrumentation 


General - A photo panel recording system accommodating eleven 


panel faces aft and is photographed directly by the camera, 


An intervalometer which is part of the data correlation system 


monitors the camera operating speéd. It has a slow speed and a 


fast speed switch which are positioned prior to flight to adjust the 
desired camera rates. The camera operates continuously at the 
preselécted slow rate except when the pilot demands full recording 


by operating one of the RECORD switches. During this time the 


camera operates temporarily at the preselected fast rate. The 
camera shutter operates a Switch which generates a pulse to а data 
correlation réference channel on each oscillograph, 


he photo panel equipment is accessible through hinged access doors 
on each side ef the fuselage. at Station 98, 


Camera and Film Magazines - The photo panel camera is a Bell 
and Howell Automax Model G fitted with a Special wide angle pan- 
chromatic lens. it accommodates 400 foot film magazines and is 
driven by an integral motor. The shutter is controlled by а élutch 
electrically monitored by cam-controlled switches in the intervalo- 
meter (except for the cine rate of six frames per second, when the 
intervalometer serves merely as a ground circuit junction) ; 

The photo panel intervalometer, a major component of the data 
correlation system, affords a pre- flight choice of several slow and 
fast rates of camera operation. The normal slow rate to be selected 
is one frame two seconds: the normal fast rate will be cine, or six 
frames per second. If rates other than these are selected prior to 
any flight, this should bé noted in the flight plan and flight report to 
facilitate data reduction. 


control panel (in the cockpit) are in the ON position. The camera 
temporarily operates at the preselected fast rate if either the RECORD 
Switch on the record control panel, ór the TRIGGER switch on the 


control stick, are actuated, i › 
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22 Photo Panel Instruments - The instrument panel in the photo panel 


installation accommodates eleven standard aircraft instruments 
and a correlation counter, and provides holders for the airplane 
identification number card and the flight number card (See Figure 3-1). 
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SEC TION IV 


OSCILLOGRAPH RECORDING SYSTEM 


A 
ч... 


0 


„1 


General - The recording oscillographs are installed in the forward 
electronics bay in the nose section of the airplane (See Figure 6-1). 
No. 1 oscillograph is on the left side and No. 2 oscillograph is on 
the right side. The shelves on the right hand side have been modi- 
fied tó accommodate the additionàl equipment. 


Each oscillograph has 25 data channels and one channel assigned to 


"алға correlation. А standard reference trace, in addition, is pro- 


vided on each record. The oscillographs accommodate either the 
125-foot or the 250-foot record paper magazines, but normally only 
the 125-foot magazines will be used. The paper is seven inches 
wide. 


Operation and Control - Both oscillographs operate in standby status 
OSCILLATOR NO. 1 and NO, 2 switch on the instrumentation con- 
trol panel in the cockpit are in the ON position. They can then be 
put into recording operation by means of the RECORD switch on the 
record control panel, by the first position of the control stick 
TRIGGER switch. or by the control stick RECORD switch. The 
second (fully depressed) position of the TRIGGER switch also de- 
mands armament system operation and firing. In operation, there- 
fore. the pilot may initiate recording by one of three means: (1) 
Turning the RECORD switch on the record control panel to ON posi- 
tion óne or two seconds before fully depressing the TRIGGER switch 
to firing position: (2) depressing the RECORD switch on the control 
stick to the ON position (used only when recording is desired with- 
out armament firing) ог (3) depressing the TRIGGER switch to Ше 
first position for one or two seconds and then depressing it further 
to the firing position. A holding relay in the circuit allows the re- 
cording to continue for 60 seconds after either one of the two stick 
RECORD switches are depressed in order to obtain pertinent data 
recorded, 


Oscillograph record paper speed will be set prior to flight at approxi- 


mately 50 inches per second. (А recording period of approximately 
30 seconds completely expends a 125-foot record paper magazine.) 
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SECTION V 


TELEMETER SYSTEM 
9:0 General - А dual В. Е. telemeter system is provided for monitoring 
of the sound pressure and missile firing pulse data. 


Six sound pressure microphones are flush mounted in the airplane 
skin at various locations {see instrumentation Dwg 8-07770 for de- 
tails). Two of the microphones are mounted at Sta 118 on the RH 
and LH sides, forward on the center line of the intake ducts. The 
remaining four microphones are mounted on the RH side of the fuse- 
lage at approximately B.L. 13.9 at four different station locations. 


Each sound pressure microphone is powered by its own power supply: 
all six of which are installed in the aft electronics area on the RH 
side (see Dwg No. 8-058776 for details). 


The signals from the microphones and the firing pulse relay are 

fed through the filter-attenuator unit located in the aft electronics 
area at approximately Sta 200, then tó the voltage controlled sub- 
carrier oscillators in the forward electronics area on the LH side. 
The signals modulate the sub-carrier oscillators, the outputs of 
which are multiplexed and in turn modulate ihe two RF transmitters. 
The two complex waveforms are then amplified, combined in the 
antenna coupler and transmitted over the air. Additional! trans- 
mitters and a coupler have been provided for transmission at the 
frequencies of 229 and 233 MC. 


9.1 A The Microphones - Тһе microphones which are used for measuring 
the sound levels in this system are the Altec-Lansing, capacity 
type, P N 21BR220. А cathode-follower circuit is used to connect 
the relatively high impedance of the microphone to the low impedance 
in thé output and is built as an integral part of the base which mounts 
the microphone. The microphones are installed in such a manner 
that in the event a malfunction occurs the whole unit can be discon- 
nected and removed from the outside of the airplane. 


9.2 The Sound Pressure Powér Supplies - The power supplies used are 
Altec- Lansing P526. These units supply ihe 200V de for the miero- 
phones and also the plute and filament power for the ¢athoce-fol- 
lower tube. An impedance matching transformer, also incorporated 
in this unit, can be used in the event the оџЕли is connected to loads 
having larger or smaller input impedances. 


>> 
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The Filter-Attenuator Units - The filter-attenuator units employed 
with the telemetering syStem are Convair designed, low pass filters 
and are designed to sharply cut off frequencies generated above 
certain values. For the 22kc voltage-controlled oscillator, all 
frequencies above 3ke аге very sharply cut off. For the 40kc 
voltage-controlled oscillator, frequencies above 6ke are cut-off, 


'and all frequencies above 10ke are cut off сп the input to the 70 


oscillator. This is necessary because the fr equency response of 

the oscillators will not allow true reproduction above the values 
selected. The filter-attenuator boxes are so designed that any com- 
bination of inputs can be made by simply interchanging the connections 


on the units. 


Operation and Control - The telemeter system is ready for operation 
when the INSTRUMENTATION POWER switch on the pilot's pane! 

is ON and the telemeter switch on the same panel is turned ON. 
Continuous telemetering takes place as long as these switches are 
on. The Bendix TPR-X2 power supplies presently installed have a 
lower voltage output than the TP.R-X3 power supplies resulting in a 
reduced power output of approximately 15 watts. As these units 

are interchangeable, the TPR-X3's should be installed when avail- 
able. 
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SECTION VI 


C.E.C. SYSTEM "D" 


6.0 


General - The Consolidated Engineering Co. amplifier system "D" 
is used in the subject airplane to provide linear aniplification of the 
very small signals from strain gages which are mounted in the skin 
panels at nine locations in the airplane. One type 2-105A oscillator 
power supply and twelve type 1-113B carrier amplifiers (three of 
which are spares) comprise the system. Each amplifier has its 
own balancing network for removing the initial resistive or reactive 


‘unbalance in the external bridge network. The oscillator-power 


supply furnishes the 3kc signal voltage for energizing the bridge 
network and also the filament and B + voltage for the amplifiers. 
The units are mounted in the forward radar compartment on the top 
shelf both RH and LH sides. (See Figure 6-1), 


Operation and Control - When the ship's power and the circuit breaker 


in junction box À is ON, the system is powered by placing the INST 
PWR switch on the pilot's auxiliary panel in the ON position. 
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SECTION VII 


ARMAMENT CAMERA COVERAGE 


1.0 General - The basic test mission of the airplane is to determine the 
separation characteristics of the Ding-Dong rocket from the air- 
plane for observation of blast effects. The armament viewing camer- 
as located іп the RH and LH elevon fairing (See Figures 7-1 & 7-2) 
record the projectile flight path as it separates from the airplane 
“апа accelerates forward of the airplane. One camera photographs 

. directly inboard and the other camera photographs inboard and 
forward. 


1.1 Launch and Forward Viewing Cameras - The cameras used for 
launch viewing are the Urban Engineering MBH-200 (modified GSAP) 
with an Elgeet W1325, 46° wide angle lens and a Dallmeyer wide 
angle 15 mm lens with specially designed Convair prisms. The 
forward viewing cameras are the standard Bell & Howell N-N5 
GSAP camera, utilizing a Wollensak #1615 17 mm lens. 

The forward viewing cameras are adjustable through 6° up and 
down, 


с. 


2 Operation and Control - The cameras operate simultaneously under 
the pilot's control by means of the three recording switches described 
in Section ТУ. 


The launch viewing cameras are loaded with film for one armament 
firing operation only, or about 30 seconds of film. 
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SECTION VIII 


VOICE RECORDER FOR COCKPIT INSTRUMENTATION 


8.0 


8.2 


General - А wire recorder installed in the aft electronics bay, LH 
side, records all UHF transmission and reception and, in addition, 
permits the pilot selectively to record his comments and observa- 
tions without simultaneously transmitting them over ОНЕ. The 
UHF recording is automatically monitored, whereas the selective 
recording of comments without UHF transmission is achieved by 
the pilot's use of à special microphone button on the control stick, 


which energizes an input line exclusively to the wire recorder. 


(The UHF transmission microphone button switch is on the throttle 
lever. The pilot's regular microphone serves both circuits.) The 
recorder accommodates sufficient wire for one hour's continuous 
operation. A special cut-off switch is provided on the nose wheel 
well control panel, to permit ground crews to stop wire recorder 
operation while other parts of the instrumentation system are being 


‘serviced or checked, thus conserving the wire and reducing the 


audio load on the airplane’ s intercommunication system. 
Note 


The wire recorder switch in the nose wheel 
well must be checked for ON position before 
each flight. 


Operation and Control- Aside from the cut-off switch in the nose 
wheel well, mentioned above, the wire recorder power circuit has 
no special control switch. The systemi is powered and operating 
whenever the POWER ‘switch on the INSTRUMENTATION control 
panel in the cockpit is in ON position, When the airplane's inter- 
communication system is powered. all talk on that system is re- 
corded. When the UHF systenr is powered, all reception and trans- 
mission is recorded. When voice recording without UHF trans- 
mission is desired, tlie pilot uses a special microphone button 
switch on the control stick to energize only the microphone circuit 
to the voice recorder. 


Transcription of Voice Record - A special playback recorder is pro- 
vided. in the ground equipment to transcribe the data to а reference 
record, The data on the airplane's record wire may then be erased 
by the playback equipment and the spool may be reused in the air- 
plàne's recorder. 
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SECTION IX 


MISCELLANEOUS EQUIPMENT 


9.0 ` 


9.1 


9.2 


9:3 


General - This Section describes several systems of equipment рго- 
vided in the airplane for test instrumentation purposes not directly 
associated with the airplane's data recording systems. They include 
the flight safety panel and S-Band radar installation. 


Flight Safety Panel - A flight safety panel has been added in the cock- 
pit to provide the pilot with a dual warning system which can monitor 
up to ten separate items in the airplane where critical temperatures 
might be exceeded during flight conditions. 


For each item instrumented two different type temperature sensing 
elements are installed in close proximity to each other. Overheat 
detectors are used with each panel indicator light circuit; tempera- 
ture pickups are used through a network on a rotary selector switch 
to provide a meter reading. Although not all the panel circuitry is 
utilized at present, it is expected that various additions or deletions 
of temperature instrumentation will be made prior to or during the 
flight test program as critical items to monitor are determined. 


The flight safety panel is installed onthe pilot's instrument skirt 
panel. It has a meter and a rotary selector switch numbered clock- 
wise from 1 to 10 identifying the temperature circuits measured on 
the meter, and individual red warning lights opposite each switch 
position number. The panel supplies the following information to 

the pilot. 

Warning Light System Operation - For the pilot's safety information 
the warning light system will be operative at all times when the air- 
plane's 28-volt d-c power is turned on. Each light is in series with 
an overheat detector. These detectors are adjustable from. 100 to 
1000°C and are preset to ground the circuit (thus turning on the light) 
when 85% of the critical temperature has been reached. The red 
glow will alert the pilot as to which item instrumented is approaching 
an overheat condition and requires monitoring on the meter to ob- 
serve rate of temperature rise. 


Indicating Meter System Operation - The visual reading meter cir- 
cuitry 15 operative only through application of instrumentation power. 


The ship's ac and dc system supplies power when the POWER 


Switch on the instrumentation control panel is turned on. The 
meter is connected through a calibrated network on the rotary 
selector switch to a temperature pick-up. The meter reads in per- 
cent of critical temperature from 0 to 125%; 100% being the established 
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maximum safé operating temperature. Whenever a red warning 
light glows, the pilot will immediately Know which instrum ented cir-. 
cuit should be selected for observing a temperature approaching an 
unsafe overheat value, The pilot may also operate the selector 
switch to ascertain. the percent ef critical temperature prevailing 

ih each circuit at any tine, whether gr not a red indicator light has 
come on, | | 


Temperatures, Monitored on the Flight Safety Panel 


, Item Instrumented Temp. for 100% Temp. when warn- 


Meter Reading ing Light Turns On 


Oilinto Engine 120°C 102°C 
ATM Gear Box Oil 120°C 102°C 
ATM Inlet Air 120 "C 102°C 
GLA Ignition 95°C 81°C 
Sta. 513 (Top and Aft) 170°C n 145*C 
Sta. 558 (Below Shroud) ITE 151°C 
Sta. 569 {Below Shroud) 232°C 197°C 


Note 


Temperature pick-up specifications 

and the Sensitivity of the flight safety - 
panel meter are in process of altera- 
tión at this date. Detailed information 
on the changes, and revised calibration 
instructions, will be provided when 
available, | 


S-Band Radar System - To facilitate manual tracking of the airplane 
by the ground S-band radar, four AN/DPN-19 radar beacons will be 
installed in the field. They will beam a high power signal to permit 
positive identification of the airplane from the ground, The beacons , 
will encircle the airplane nose and will be separated from each other ۔‎ 
Бу 90“. 


Note 
Detailed installation and operation. 


information on this system will be 
furnished when available, 
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To Oscillograph 
X | Junction Box 


Pyrometer P/N 361653-2 
Minn. -Honeywell 

Mounting Clamp 
Pyrometer Mounting 
Bracket 


N 
` 
Ships Skin. "Su 
Window Assy 22 


Skin Plate 


Photo Panel 
(Ref) 


Sta 37.00 
at BL 40 R. H.| 


Figure No. 9-3 Optical Pyrometer - 
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SECTION X 


OPERATION AND CONTROL 


10.0 


10. 


1 


General - The test instrumentation data recording systems, with 
the exception of the voice recorder, are individually controllable 
by the pilot. The systems are powered whenever the airplane's 
electrical system is powered and the INSTR POWER switch on the 
instrumentation control panel in the cockpit is in the ON position. 
The systems are individually powered when the remaining switches 
on this panel are in ON position. At that time the photo panel 
camera operates at the slow speed (normally one frame every two 
seconds) as selected on the photo panel intervalometer SLOW 
selector switch prior to flight: the two oscillographic recorders 
are in stand-by ready-to-record status; the telemeter system is 
operating; and the.armament camera control switch circuit is 
powered. 


Push-to-test lights are provided to check oscillograph ready condi- 
tion. A calibration button for the oscillographs provides a means of 
automatically calibrating the system as the occasion requires. The 
operation takes 15 seconds to complete, and data is not recorded 
during that period. 


The voice recorder runs constantly when the INSTR POWER switch 
is ON, and records all UHF transmission and reception, When the 
pilot uses the microphone button on the stíck instead of the micro- 
phone button on the throttle lever, it records pilot's comments with- 
out simultaneously broadcasting over UHF. (A switch is provided 

in the nose wheel well control panel to de-activate the voice recorder 
during ground operations. This switch must be checked for ON 
position prior to each flight. ( 


The special arraament cameras located in the elevon fairings are 
powered when the pilot demands recording by operation of one of 
the three recording control switches discussed below. 


Recording Operation and Control - A RECORD switch on the record 
control panel, the first position of the TRIGGER switch on the con- 
trol stick and the control stick RECORD switch all have parallel 
functions as any one of the three may be used to initiate full record- 
ing by thé regular recording systems and simultaneous operation of 
the àrmament viewing cameras. The second position of the TRIGGER 
switch starts an armament operation cycle. А delay of two seconds 
in pulling the trigger from the first (click) position to the second 
position is required in order to permit the recording oscillographs 
to attain recording status prior to the beginning of armament system. 
cycling. ç | 
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When the pilot demands recording, as described above, the photo 
panel camera speeds up to the fast rate selected prior to flight on 
the photo panel intervalometer FAST selector switch. This rate 
will normally be six frames per second (CINE). The oscillographs 
record at 50 inches per second, which permits 30 seconds of re- 
cording operation. The telemeter system and voice recorder con- 
tinue to operate as before. 
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SECTION XI 


DATA CORRELATION 


11. 


0 


General - The function of the data correlation system is to synchro- 
nize and correlate all measurements. A camera intervalometer 
supplies pulses to two channels to operate the photo panel camera 
at preselected film frame rates. Possible low ‘speed selection is 


from 1 frame/15 sec., 1 frame/2 secs., 1 frame/sec., or 4 
frames/sec. and possible high speed selection from 1/2 frame/sec. , 
lframe/sec., 4 frames/sec. or continuous (6 frames/sec.). The 


construction of the intervalometer is such that the various pulse 
times, except 6/sec., are always correlated to each other and to 
the one second pulse which is used to step both the photo panel and 
the cockpit correlation counters. | 


The intervalometer 1 pulse/2 sec. correlation pulse which appears 


on the photo panel counter and on one trace of each oscillograph can 
be related to time of day by comparison with the clock which is  * 
photographed on the same photographic film frame. This same 
pulse steps either the digipot or digipot simulator (Convair design 
replacement unit) one step. The digipot is a device which supplies 
digital information in the form of steps of voltage as supplied by a 
voltage divider across the 6-volt d-c regulated instrument power 
supply. It supplies information for four channels or digits, thus 
allowing a count up to 9999 to be expressed in steps of voltage. Also 
triggered by the intervalometer 1 pulse/2 sec. signalis the time 
sequencer, a unit which switches the four digital voltages momen- 
tarily on and off in a specified time sequence before they are applied 
to one galvanometer in each oscillograph. Figure 11-1 shows an 
expected record on the time trace of each oscillograph and how the 
switching of the digital voltages forms a readable number on the 
oscillograph record. 


In order to establish the exact moment the photograph is exposed, 


a short pulse appears on the data correlation trace of each oscil- 
lograph whenever the camera shutter operates. 
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Description a-c 1/Sec. Pulse From Intervalométer (Sorenson-6 V Ref.) 


NOTE: 
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e 


(See Note) 


Cie bo C: he GT 


b Photo Panel Camera Shutter Open. (This Pulse May Also 
Appear At Other Points of Trace, Depending On The Camera 
Shutter Speed, 


d 
e 
f Digital Voltage Pulse (10's) 
g Digital Voltage Pulse (I's) 


Digit as indicated would read 8,465 . 


Figure No. 11-1 Oscillograph Data Correlation Trace-Typical 
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SECTION XII 


DATA SOURCE INSTRUMENTS , 


1240 


General - The test instrumentation requirements of this airplane 
necessitate installation of several types of data measuring devices 
in the same relative location. A package design accumulates the 
various source instruments required and installation is made as a 
single unit. Each source instrumentation package is constructed 

as an integral part of a small door fastened flush into the airplane 
skin. Disconnects in the wiring of each transducer enable the units 
to be removed for inspection and maintenance. The boundary layer 
pressure probe is not included in this package configuration as in- 
stallation is required in the slip stream. 

The static and total pressure adapters incorporate an acoustic filter 
and а micarta insulator to accommodate extreme temperature 
changes. The boundary layer total pressure probe features a Revere- 
type venturi incorporated as a result of research data received from 
the wind tunnel, to compensate for pitch and yaw. 


The Sound pressure microphones and base are installed in an adapter 
utilizing micarta for shock mounting the cathode follower tube con- 
tained inthe base. This provision is designed to reduce micro- 
phonics to а minimum. The unit is easily removable for maintenance 
and inspection. Figure 12-4 illustrates the type of unit installed 

at Sta 118. 0 on the right and left side. At the four other locations 
where the microphones are installed, they are contained in the in- 
Strumentation package shown in Figure 12-6. This package has a 
skin temperature thermocouple, a boundary layer temperature 
pickup, a static pressure transducer and a sound microphone. A 
modification of this package installed at the other locations does 

not contain the boundary layer temperature probe as it is required 

at one location only. Instrumentation drawing No. 8-07770 released 
by TVA IN41127 is the top drawing for the installation of these pack- 
ages and indicates the particular assembly to be installed in the six 
locations of this airplane. 


* 
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Name 


4 Frames/Sec 
i Frame/Sec 
1 Frame/2 Sec 


1 Frame/15 


2 lobe cam 
15 lobe cam 


30 lobe cam 
30 lobe cam 


2rpm Cams 


Plate 


Adjusting Screws: 


Drive Motor 
12 rpm 


LOW SPEED INTERMEDIATE SPEED 
FRAMES РЕВ SEC. FRAMES PER SEC 


CVAC CAMERA INTERVALOMETER 


Sec 


= 
32) 


21555 


Р 4:1 Gearing 
шал тн |2 rpm Motor 


MMAG-S-26F 
2 а= 


| - 


Figure No. 12-1 Intervalometer 
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A17-5-350 (Statham) | | 
Normal or Vertical Accelerometer 
А17-10-120 (Statham) 


Sy 


Lateral Aecelerometer 
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га 22224 | 

' Missile Beam LH 
94 


ж” 
I سج‎ 
5 — s 
D 
5“. 


Accelerometer 
— Mounting. 
Bracket 


LH Missile Bay Beam Inbd Side — 
Figure No. 12-8 Accelerometer 
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Figure No. 12-2 Nose Boom Installation‏ ے 


CONFIDENTIAL 
XII -3 


| . CONFIDENTIAL 


7 


18-01803-1 Pitot Static Tube 


Send 
i— Show: 
Insta] 
РА AN5S61-440R5 Screw (4) 


. | | 
e ; | | 
. Х- 

Ич РЛЫ 

Me ے‎ Г.: -~ 


| 
| | 


% 


CONFIDENTIAL 


CONFIDENTIAL 


۱ | Bottom View | 
1 
| 
| 
| 
i 
t 
1 


| Bend Tubing Approx As 
— Shown To Clear Vane 
· | Installation 


-------8-01801-1 Vane Mechanism Housing 


”ودنٹ 


.8-01202-1 Vane Mechanism 
AN507-440R3 Screw (10) 


| (3 Plcs) For Detail Sée Sheet 2 LH Side View 
| | : | 
2 ' | 
-1 Assy 
1 
| | 
| | 
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n 001 
163 + 000 Hole (2 Holes 180° Apart) Thru 
8-01801-1 Assy (Tube) To Match 8-07702-23 
Screw Location. Holes To Be Drilled 
Only After Proper Orientation Of 

I Boom is Obtained on the Airplane 


8-07702-11 Welded Assy (Ref) 
8-07702-23 Screw (Ref) 


5 


| ٦ 

| р 

3⁄4 

| 

1 | ۱ | 

ГО Reference Dwg. No. R 8-01800 

| 

| 

| | Figure Мо, 12-3 Nose Boom Cutaway 
| | 

| ۱ 
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Figure No. 12-4 Door Assy Sound Pressure Mike 
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Figure No. 12-5 Boundary Layer Pickup 8-05899-1 
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Figure 12-4 Static Pressure Pickup Adapter 
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PROCUREMENT 
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13.0 General - This Section lists the test instrumentation equipment procured fo 
alphabetically and includes the vendors nàme, type and/or part number. 


13.1 Government Furnished Test Instrumentation Equipment 


Part Hange Vendor, Type and 
Accelerometer, Linear * 2g Statham, А17-2-1 
Accelerometer, Linear + 10g Statham, ia 
Accelerometer, Visual -5 to 412g Kollsman, B-3 49 


Airspeed Indicator 


Camera, 35 mm Automax 


50-700 Mph 


6Fps (Cine) 


Pioneer, F-1, 60 


Altimetér 0-60,000 Ft Kollsman, C-12( 
Araplitier, Telemetering 228 MC Bendix, TAV-1 
Amplifier, Telemetering 234 MC Bendix, TAV-1 
Amplifier, Carrier (System ''D") C. E, C., 113B 
Amplifier, Lin/Integrating (System "pr C. EC. 112C_ 
Autosyn Indicator, Single Pioneer, B-17 (M 
Autosyn Transmitter, Pygmy Pioneer, AY503-: 
Base, Microphone Altec-Lansing, P 
Balance & Power Unit Arnoux, ТМЕ-25 
Base, Shockmount (System "D') C.E.C., 18-109- 
Bridge Balance & Calib. Unit Jackson & Edwar« 
Camera, 16mm (Modified GSAP) 200 Fps Urban Engr. MBI 
Camera, 16mm - G.S. A. P, (With Cross | 

Hairs) 16-32-64 Fps Вей & Howell, N 


T. E. E., Model С 
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VIII | 


cured for airplane Serial Number 53-1781. Тһе equipment is tabulated | 


= 
x | 
| Type and/or P/N No Procured No Procured ۱ 
From Outside From | 
' Vendor AFFTC 
| А17-2-120 2 
| A17-10-120 16 
in, B-3 4990 2 
| F-1, 6034-1432-22В-А-А1 3 | 
h, C-12 (Model), 671BU-010M 2 | | 
| TAV-1 2 m 
ITAV-1 2 
113B 9 | 
mar 3 
| B-17 (Model) 2334-N2 ۱ 2 1 
| АҮ503-4-А1 3 
ШЕШ Р/М 165 
‚ TME-25 2 
| 18-109-1 2 
ы Edwards, 6-100 10 
bs MBH-200 2 
— N-N6 (24v DC) ШЕ 


|. Model С (24v DC) 1 : 


ы‏ ے6۷ے 


Part 


Cases, Channel (System “ГЭЭ 
Clock, 8 Day 


Counter, Additive 
Coupler, Antenna 


Coupler, Antenna 
Coupler, Antenna 
Engine Kit 

Engine Kit (Ро & тү) 


Filter, Low Pass 
Filter, Low Pass 


Filter, Low Pass 
Filter, Low Pass 
Filter, Low Pass 
Galvanometer 
Galvanometer 
Galvanometer 
Galvanometer 


Galvanometer 


CONFIDENTIAL 


Range 


Sweep Second 


6 Digit, 
24v DC 


221 MC & 
225 MC 


228 & 234 MC 


229 & 233 MC 


32 KC to 
48 KC 


18 KC to 
26 KC 


22 KC 
30 KC 


40 KC 


Vendor, Type and/or P 


C.E.C., 14 120 
Jaeger, А-10 


Veeder-Root, B124806 
Bendix, TNC-12 


Bendix, TNC-12 
Bendix, TNC-12 
Pratt & Whitney, Kit ۱ 
Pratt & Whitney, Kit | 


Bendix, TNL-6; 55634 


Bendix, TNL-5, 55634 


Bendix, TNL-10, 108 
Bendix, TNL-10, 1087 
Bendix, TNL-10, 1087 
C.E.C., 7-326 | 
C.E.C., 1-318 
C.E.C., 7-315 
CLECs, 7-339 


C EC, 12323 


= 


3 
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Vendor, Type and/or P/N No ات‎ No Procured 
From Outside From 
Vendor AFFTC 
COE С. 14 120 3 
Second Jaeger, A-10 2 
|, Veeder-Root, B124806 3 
T Bendix, TNC-12 2 
С 
й MC Bendix, TNC-12 2 
1233 МС Bendix, TNC-12 2 
| Pratt & Whitney, Kit No. 207262 2 
Pratt & Whitney, Kit No. 215891 4 | 
{0 Bendix, TNL-6; 556343 4 | 
۳ Bendix, TNL-5, 556340 4 
Bendix, TNL-10, 1087832-1 4 
Bendix, TNL-10, 1087832-4 | 3 
Bendix, TNL-10, 1087832-2 3 
C.E.C., 7-326 | 4 Ë 
C.E.C., 7-318 40 
C.E.C., 7-315 30 
С.Е.С., 1-339 4 
C.E.C., 7-323 16 
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Part 


Galvanometer, Dummy 


Galvanometer, Reference 


Gyro, Rate 
Gyro, Rate 
Gyro, Rate 
Gyro, Attitude 


Lens, Camera (For Automax) 


ғ 


Lens, Camera (16 mm Camera) 


Lens, Camera (16 mm Camera) 


Lens, Camera (16 mm Cantera) 


Machmeter 


Magazine, Camera (For GSAP) 


Magazine, Camera (For Automax) 


Magazine, Wire Recorder 


Magazine, Record, Oscillograph 


Microphone, Capacity 
Oscillator, Volt. Contr. 
Oscillator, Volt. Contr. 


Oscillator, Volt. Contr. 


Range 


20 бес, 
530 


245 /Ѕес, 
530 


3007 “Sec, 
2000 


+ 60° Climb 


& Dive 


25 mm F/2.3 


17 mm 

15 mm 
.9 to 1.5 
90 Ft 

200 Ft 

1 Hour 
125 Ft 
0-220 DB 
22 KC 

30 KC 


40 KC 
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Vendor, Type anc 


* 


С.Е.С., 9191 
C.E.C., 19164 


Minn. Honeywell 


Minn. Honeywell 


Giannini, 3611F- 


Sperry, F4, 40- 


J. E. S. , 04921 


Elgeet, W 1325 

Wollensak, 1615 
Dallmeyer Wide 
Kollsman, A2A, 
Urban, Type G 

J. E. S. , Sp- 700 
Pierce, MX1330 
C.E.C. 28998 

Altec- Lansing | 
Bendix, TOE-3] 
Bendix, TOE-3 


Bendix, TOE-3] 
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Туре and/or P/N 


Honeywell, JG7005-A7 
loneywell, ТС7005-А28 


| 
| 
| 


| F4, 40-664452 


› 


i, 3611F-300-20 


i, 04921 


| 


i 


W 1325 


sak, 1615 


| 


p" Wide Angle 

man, A2A, 950K4-03 

| Type G 

|. , Sp-700 

le, MX1330/ANH-2 

3 28998 

| Lansing P/N 21BR220 
Е TOE-31V, 1088513 
k TOE+31V, 1088513 


ix, TOE-31V, 1088513 


Хо Procured 
From Outside 
Vendor 

20 
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No Procured 
From 
AFFTC 


Part 


Oscillograph. D.C. 
Oscillograph, Record Magazine 
Potentiometer, Round 
Potentiometer, Sector 

Power Supply, Sound Pressure 
Power Supply, Telemetering 
Power Supply, Source Instrument 
Pressure Pickup 

Pressure Pickup 

Pressure Pickup 

Probe, Temp - Ambient Air 
Probe, Surface Temp 

Probe, Surface Temp 

Prism, Cptical (For GSAP) 
Prism, Optical (For GSAP) 
Pyrometer, Radiamatic 

Relay 

Relay 

Relay 

Relay 


Relay 


CON 


Range 


26 Channel 
125 Ft 
360 "7, 2000 
10,000 ,75° 


200v DC 


0-15 Psia 
0-50 Psia 
0-100 Psia 
-70 to 500°F 
-70 to 500° F 


-70° to ۳ 


CONFI 


— ~ ہے‎ —À — шинжийн 


FIDENTIAL 


Vendor, Type an 


C. E.C, 5-114 P3 
C.E.C. Cat #289 
Galetronies; RE- 
Galetronics, id 
Altec-Lansing P/ 
Bendix, TPR-X2 
Hufford PSA 6.3- 
С.Ё.С. 4-312-15 
C. E. C. 4-312-50 
C.E, C. 4-312-10 
Arnoux, Series 4( 
Arnoux, Series 10 
Arnoux, Series 50 
CVAC P/N 8-0588 
CVAC P/N 8-0588 


Minn. Honeywell I 


DPDT AN 3311-1 


TPDT AN 3312-1 
SPDT AN 3314-1 


TPDT AN 3339-1 


4 


DENTIAL 


HAL 

۱ 

| Type and/or P/N | No Procured 

1 From Outside 
| Vendor 

5-114 P3-26 

| Cat #28998 

hics, RE-83 20 
nics, 5Е-1 | 4 

lansing P/N P526 8 

| TPR-X2 4 

x PSA 6.3-5RV 6 

| 4-312-15A-350 | 4 
4-312-50А-350 3 

| 4-312-100A-350 2 
Series 4000 E 
Series 1000 25 

| Series 5000 50 
МК 8-05885-7 ^ 2 
ИХ 8-05885-17 2 

аурей P/N 361653-2 2 

N 3311-1 4 

! 3312-1 3 

N 3362-1 1 

x 3314-1 2 

N 3339-1 4 
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Part 


Relay 


Tachometer 


, Latching 


Time Delay Relay 


Transformer, Autosyn 


Transformer, Power 


Transformer 
Transmitter, 
Transmitter, 
Transmitter, 
Transmitter, 
Transmitter, 


Transmitter, 


Telem. 
Telem. 
Telem, 
Telem. 
Telem. 


Telem. 


Wire Recorder 


Wire Recorder Mount 


CONFIDENTIAL 


Range 


0-12, 000 
RPM 


2 Sec Delay 


1 PH, 1151 
400 to 26v- 


290-0-290, 
5.0 v, 12.6v 


.08/.02 Henry 


— -- س 


Vendor, Type and 


SPDT AN 3320-1 


DPST AN 3352-1 


Leach, 


DPST- х.4 


Gen. Elec. EQA (N 
6119-8DJ-13AAS 


Cook Elec SPST N. 


Pioneer DW-33 


Stancor, P8352 


Triad C-48 U 


221 MC Bendix, TXV-13 
225 MC Bendix, TXV-13 
228 MC | Bendix, TXV-13 
234 MC Bendix, TXV-13 
229 МС. Bendix, TXV-13 
233 MC Bendix, TXV-13 

Audio Pierce, RD106/ANH 

Pierce, к 

| 

| 

| 
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эгээ a qd 


[ype and/or P/N 
3320-1 

1335 
PST- М.О. 2404 
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E9A (Model) 
13AAS 


[SPST М.О. 1-R2 


| 
W-33 


KV -13 


KV -13 
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DESCRIPTION 


Total Tools and Actual Hours by ten 000.1 ۰ мэ” 
Pield Operations . . ЭРЛЭГ 


Electronics. . . . . a 1 ША 2: X 

L.H. & R.H. Afi Tank Panels 2 

L.H. & R.H. Fwd Tank Panels š 

L.H. & R.H. Panels Sta. 881 to > 553 : . 
Final Assembly. . . . . . و‎ ` жож жоо» 


L.H. & В.Н. Fuselage Aft На1? Barrel 4 
L.H. & R.H. Half Panel Tail Cone. 

L.H. & В.Н. Inboard Elevon. . 

L.H. & R.H. Wing Trailinz Edge . А 
І.Н. & В.Н. Ені & Aft Upper Rocket Doars Б 
L.H. & R.H. Wing Primary . . . . a . 
L.H. & R.H. Outboard Elevon . 

L.H. & R.H. Wing Tip. . 

L.H. & R.H. Wing Leading Edge. 

L.H. & R.H. Main Landing Gear Assembly. 
L.H. & R.H. Wing Structure. . . ہن‎ 
L.H. & R.H. Aft Tank Assembly, 

L.H. & R.H. Fwd Tank Assembly. 

Vertical Fin 
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ITEM TOTAL MAKE TOTAL MAKE AVERAGE HOURS 


DESCRIPTION NO. ORDERS COMP. HOURS COMP. PER TOOL 
Field Operations 1 182 11,746 65.5 
Electronics 2 9 322 35.8 
L.H. & R.H. Aft Tank Panels 22 & 23 51 5,122 100.0 
L.H. & R.H. Fwd Tank Penels 25 & 25. 5L š 1,872 95.5 
L.H. & В.Н. Panels Sta. 481 to Sta. 553 27 & 28. 7ˆ 92 11,467 124.6 
Final Assembly 30 716 21,818 38.9 
Engine Build-Up 31 1,245 39,982 32.0 
Tail Cone ی‎ B6l- - 71,390 82.6 
Forward Radar Compartment 35 935 40,082 82.9 
X€L.H. & В.Н. Fuselage Aft Half Barrel 36 š 37-77 110 33,890 87.17 
L.H. & В.Н. Half Penel Tail Cone 38 & سود‎ 333 28,039 84.2 
L.H. & R.H. Inboard Elevon h2 к پا‎ 228 21,780 198.7 

L.H. & В.Н. Wing Trailing Edge وب 656 & پا‎ 39,014 113,8. 
L.H. & R.H. Forward & Aft Rocket Doors h6 - حم یپا‎ 7“ 33 1,306 222.4 
L.H. & В.Н. Wing Primary — 50 & 51 982 ` 59,8757 61.0 
L.H. & R.H. Outboard Elevon 52 & 53^" 305 21,086 18.8 
L.H. & В.Н. Wing Tip sh & 55447 202 23,875 118.2 
L.H. & В.Н. Wing Leading ЁаЕе: 56 & 5747 531 54,365 102.4 
* L.H. & R.H. Main Landing Gear Assembly 58 & 59-77 29 180 26.5 
L.E. & R.E. Wing Structure “` 60 & 61 ےو‎ 110, 342 - 88.5 
L.H. & В.Н. Aft Tank Assembly 62 & 63 1,119 115,656 103.6 
L.H. & В.Н. Fwd Tank Assembly | 6h & 65 1,001 95,575 95.5 
Fin -66 2“ 2,010 107,378 53-5 
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REPORT NO. 9542-11.1 
PNEUMATIC ARMAMENT TEST STAND 
ROCKET, MB=1, EXTENSION SYSTEM 
OPERATIONAL: TEST OF 
OBJECT: 


To. develop a system for the extension and retraction of 4 МВ-1 Rocket that. will 
meet the requirements outlined in Dynamics Report DA-8-329, 
| 

CONCLUSION: 


the 2: as described in Table Te 


DESCRIPTION OF SPECIMEN: | 

The 8-94-2. armament test stand consisted of a fuselage section of a Е-102А 
airplane, extending from station 274,02 to station 404,48, The dorsal fin and the 
side bay missile doors were not included, The MB-1 Rocket extension armament: system 
was installed as shown on Dwg. Nos 8-56020, All of the pneumatic plumbing, and 
components common to. the MB-l Rocket extension system were installed as shown on 
Рик» Мо» 8-802414, change F, Тһе launcher electrical control circuit was installed 
as shown on Dwg. Nos, 8-065531, The entire assembly was nounted їп а rigid steel 
structure, (Ref, Fige 2, 3, and 4), 


Twelve (12) Brush direct recording oscillograph channels were provided’ to record 
the necessary pressures, positions and forces, А 0.Е.0. recorder was used to record 
accelerations, The instrumentation installation was as shown on Figs le 


TEST PROCEDURE: 


The initial operations of the armament system were with an empty launcher and at 
reduced pneumatic pressure, This operation permitted & check out of the installation 
before full operating loads were reached, The initial operations were with a system 
as developed on the steel structure test stand, (Ref. 1 е1 Report No. 9542-1-2). 


Upon, completion of preliminary tests the inert Эке 2 was installed 
on the latmcher. A series of test operations were then conducted at rated pneumatic 
pressure and flow. Minor adjustments were made in the system until an optimum 
launcher operation was obtaineds 


The specification for the armament, system was outlined by Dynamics. Report . 
DA-8-329, ‘The requirements are listed as follows: 
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Extend the weapon at sirplane load factors between 
within the airplane 's speed-altitude envelope, 
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“lg and +35 85 any point 


Extend the weapon in one second ог les 
zero and +2¢ at any point within thi 


Retract the weapon at the flight conditions specified in item 1. 


з at airplane load factors between 
пе airplane's speed-áltitude ‘envelope. 
| 


Retract the empty launche 
specified in item 1, 


Accomplish the above without exceeding: 


Qe 


b. 


бе 


da, 


DISCUSSION OF PROCEDURE: 


The test stand provided а means for evalu 
factor and zero airloads only. 
computer results were in closé a 
cylinder configuration simulated 
throughout the airplane! 


DISCUSSION OF RESULTS: 


The results of launche 
are peak values that occur 
than any steady state values. 

The maximum acceleration recorded was 8465 during а "p 
This acceleration was 
The rod force recor 
eleration was of suc 


occur only during ground operation, 
of approximately „001 secorid duration. 
this acceleration indicates that the aoc 
was not transmitted into the cylinder, 


The data from which this 
Test Laboratories Data 


É in one Second or less at the flight conditions 
| 


| | 2-1 ۱ ТТК | 
A force іп the forward cylinder of 15,350 Ibs, tension or 25,000 1b, 
compression. | 
| ۳ 0ہ‎ | > 

A force in the aft cylinder rod of 5,250 lb, tension or 5,000 15, 
compréssion, | | 


A tangential acceleration at the weapon axis of 8ge 


A compression load in either oil damper of 1800 lb, 


ating tho system at +16 inertia load 
The analog computer was then adjusted until the 
greemert with test stand results, With this same 
ed on the computer, system operation was: simulated 
8 Speed-áltitude епу 


r operations are shown in Table Ії, The values listed 
E an extension or retraction’ and are higher values 


ower об" operation and will 
recorded as a single spike 

ed simultaneously with 

h a short duration that ië 


report was prepared are recorded in En 
Book Nos 2008, | 


roam ۱۵۱5۵ ۵ 
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| 45 ROO FORCE - H 2 š 
| 6 EXTEND PRESS. - AFT CYL, 
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| 8, BUFFER PRESS — м 7) я 
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ANALYSIS 


CONFI 


ENTIAL 


5 TABLE I 


ROCKET, MB-1, SYSTEM CONFIGURATION 


DISPLACING CYLINDER 


PART. FWD. CYLINDER AFT CYLINDER 


Buffer Orifice Two (2) e101 Dia, One (1) .070 Diae 
Oil Damper Ofifice «076 Ша. 2076 Diao 


Final Orifice of „015 Dia. 4070 Diae 
Retract Snubber 


Retract Snubber Logarithmic. Logarithmés: 
Orifice Spacing | 


Extend Snubber Two (2) «089 Dia. Two (2) .104 Dias 
Orifice š 


Armement Installation Dwge 8-56020 
Pneumatic Installation Dwg. 8-80414, Change "Р" 


Electrical Installation Dwg. 8-065351 
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LOGEST. SERVICES 
LOGIST.SERVICES 
۱ 66151۰ SERVICES 
10615Т.5Е8У1СЕ5 
| 166.151 . SERVICES. 
^ÉCGIST. SERVICES 
LCGIST. SERVICES 
106451. SERVICES 
LEGIST. SERVICES 
CONT LEVEL COST 
CONT LEVEL COST 
CONT LEVEL COST 
CONT LEVEL COST 
CONT LEVEL COST 
CONT LEVEL COST 
CENT LEVEL COST 
۸ ۳3 3165 5 
۸۳33۱657۱ 5 
АЕЗ2| 6571 8825 
۶3ھ‎ 657) 2825 
۶33ھ‎ 6835 


AF331657)88325 
AF33(657) 88 5 
АРЗ3(65718835 
AF33(€57) 5 


AF33 
AF33 
AF33 
&F33 
AF33 
AF33 
AF33 
AF33 
AF33 
AF33 
AF33 
AF33 
AF33 
AF33 
AF23 
AF33 


657 
657 
657 
с57 
657 
657 
£51 
657 
651 
657 
697 
857 
651 
557 
557 
657 


5835 
5835 
E825 
6835 
8635 
8835 
8835 
8835 
8835 
#825 
8535 
E825 
8535 
8835 
8525 
#835 


СЕМ ERAL D NAMES CONVAIR 


REPORT ND. 
кубик 8ن‎ CONTRACT 
مس‎ [er] жеш 


сонтцаст DESCRIPTION 


AF32 657 8535 
АЕЗ3 057 8635 
AF32 657 5 
AF33 657 6835 
AF33 657 5 
AF33 651 5 
AF33 657 8835 
AF33 657 8835 
AF33 651 8535 
AF33 657 5835 
۸۴33 657 5 
AF33 657 5835 
AF33 657 5825 
AF33 6517 8835 
AF 33 657 5 
AF55 657 8535 
AF33 657 5835 
Af33 657 8835 
AF32 657 8855 
AF33 657 5 
AF 33 557 5855 
AF4l 60: 20207 
AF41 6С5 2505$ 
ДЕФ] с08 25055 
АҒЫ) 608 25055 

| AF41 608 5 
ТАРАТ «08 2565547: 

۸۴66 ٤59 

АРьТ 668 25055 

054 8 13751 

AF41 606 23708 

AF41 605 30832 

C 141 

С 141 

C 141 

& 141 

С. 141 

C lsi 

С 141 

C 181 

С 1 


~ 


DESCRIPTION 


RELIABILITY + DATA CONTROL 
DOCUMENTATION 

INVENTORY MANAGEMENT 
SPARES LIAISON 
WAREHOUSING 
"SHIPPING - 


9 SR n 


ACTIVE WORK. ORDER MASTER LIST 


سج 
BLUEPRINT. REPRODUCTION “SERVIC‏ 


«VENDOR DATA 


CGMPUTER ‘DISTRIBUTION (INV.MGMT) 


STE CALIB* МА МТ 


TASK IDENTIFIED BY SUBACCQUNT 


KEC.INSP.*SHI? LABOR FOR 16۷ ۱ء‎ 
MATERIAL REVIEW + CORRECTIVE ACTION 


VENCOR TERMINATION 
FREIGHT QUT-BOUND 
FREIGHT ALLOCATION 
TERMINATION ۵ 
DBSOL МАТ SCO5-CCO 
08501. MAT SCOS-CCO 
GBSCL MAT SCO5-CCO 
63SCL МАТ SCOS-CCO 
0850. МАТ SCO5-CCO 
GBSCL MAT SCO5-CCG 
0850:۴۵۸1 SCOS-CCD 
08501 MAT SCO5-CCO 
TERM WO SCL4-CCO-27 
TER ۳ ] ۱۱۸۵ 1 GON 

TER FINATI ON 
TERFINATION 
TERMINATION 
TERP 1 ۸ ۲1 ÜN 
TERMINATION 
۲18 GN 
TERMINATION 
TERFINATIDN 
TERFINATION 
TERFINATION 
TERMINATION 
TERMINATION 
TER¥INATION 
TERM [Ná TIGON 


GD/C 
675D/C 
6660/C 
656D/C 
62GD/C 
6060/C 
59GD/C 
56GD/C 
49GD/C 

GD/C 

GO/C 

ور 

6070 

GO/C 

ا6 

брис 

GD/C 

GC/C 

GO/C 

GD/C 

670 

607 

GD/C 

GU/C 

GD/C 


CIN-GGUND) 


я/0 
W/O 
«70 
4/0 
W/O 
W/O 
۷۶ 
70 
М/О 
«уа 
W/O 
wid 
۳۷/0 
w/o 
яға 
w/0 
М/О 
w/t 
w/ g 
иго 
W/O 
м/о 
куха 
wû 
w/0 


ACTIVE WORK ORDER MASTER LIST 


DESCRIPTION acet | гм s: мр, Брат! "al cac 
TERMINATION Wü GO/C к/о ٦ ۸۱04: 684 3990 
TERFINATIDN ۵ GD/C н/0 90170| 7 | А 104: ; 
TERMINATION WO 6076 ۳۲۵ 00۵۱۴۱1 7 A 
TERFINATION ко GD/C ж/о 00173) 7 Á 
TER#INATION ко GO/C W/O 00174| 7 ۸ 
TERMINATION Wd СОИС W/O 00176| 7 A 
TERMINATION WO 60/С W/O 0017767. A 
TERMINATION ۵٥ GO/C w/0 00179| 7 A 
TERMENATION но GD/C W/O 00180| 7 A 
TERMINATION мо GO/C W/O 00161] 7 ар 
TERMINATION НО GD/C киб 6 7 A 
TERPINATION НО. 60/С ۷۸۵ 00183| 7 A 
TERMINATION WO GD/C W/O 001871 7 А 
TERMINATION ۵ GO/C #70 001881 7 À 
TERMENATION WO GD/C W/O 00189] 7 A 
TERMINATION WO GD/C W/O 001904 1 А 
٦۲ КО GO/C W/O 7 à 
TERMINATION но 6076 8/0 001951 7 А 
TERMINATION 0 GOsC ۷/۵ 00196| 7 А 
۲0 0 GD/C w/n 001971 7 A 
TERMINATION WO GD/C w/0 00199| 7 A 
TERMINATION «0 GO/C М/О 00158! 7 A 
TERKINATICN WO GD/C w/O 001551 7 A 
TERMINATION WO GD/C W/O 600187 A 
TERMINATION wh) GO/C ж/б 60193] 7 A 
1 88 ۲۱۸ ۲1101 ۵ GD/C м/о 00838! 7 A 
ПЛЕНА TION ۰ GB/ Gy ۷ Q0 же 24 жез 
PARTIAL TERM М сад» МА ИФ 0804543. 1. apr 
CTER RÍ RATION, WD. 4 «08466 893.7 A 
0 877” pyra Be A % |984) 
TERPIKATIGN 0 GD/C W/O 00185: 7 А 
TERMINATION WO GD/C W/O 00192| 7 АН 
TERMINATION ий GO/C w70 008021 7 A 
TERKINATION КО GD/C ۶۵ 008041 7 A 
TERYINATEGN WO GO/C #70 7 Alo 
TER#INATION WD GD/C W/O 00806] ۰ A 
TERMINATION wD GD/C W/O 008071 7 A|: 
TERPINATION КО GD/C W/O 00813| 7 A 
TERK ۲٢۸۲] پ0۸‎ WD GO/C я/0 00814] 7 А | 
TERFINATIQON wD GO/C W/O 00815] 7 А 
TERMINATIGN 80 50/6 к/0 00816| 7 А 


рате 11/17/67 PAGE КО. 
à . BATE ۵ | смовет 
7 АДЕ HÎ. 
T АНЕ ЫН, 
7 ۵۸۱۱1: 7 
1 Aft өт | 0020 
7 ATLL BT 36020| 
1 пи j 
ES? e A 0 
7 Alii: 67۱ 
7 АЙЫ 7 
7 ۸۱1۱: ۱۰ - 
7 А111 i67 
7 А! 67| 
7 АН 57 
7 ۸۱111! 7 
7 ۸۱۱1۱ 70 
7 ۵۸۱11: 67| 
00139] 7 ۸۱٥7 5517: 
00142| 7 ۸۱06: 455 
00143 | 7 4104: 5 
00144| 7 А| 06: #5 
00145] 7 А|06 65 
001461 7 А|06) %5 
00147 А|06: 5514 
А 06; #5 1339! 
Aloe: 55|Ё: Ф 
00150 اہ‎ + i | зе 
00151 4104 $5 № 
А|04 591 3847 
А| 904: ЮЕ. 
А! 04: 6510 3290 
واه‎ ве 390. 
00156 А|04 165 №39 
00157 ۵۸| 04: 59 
001580 Alos 5518 398 
00161 A|o4: 65 395 
00162 А 04} رات‎ 98 
А| 0% 5514 3990 
00164 ۸۱04 вар 39 
00165 ۸۱۵4 654) 8 
00167 А|04 %5% 9 
00168 А|04 1854 3990. 
РДЕ. 
kL S 
4 
DATE 11 / 17/67 Paar ной 2 98 


„са DENY Ге جا‎ s CEES у جھ‎ s 


E 


GENERAL ин СОМУАЈК ACTIVE WORK ORDER MASTER LIST 


REPORT NO, DATE 117 مال‎ PAGE NO. 99 
ЕЛЕСЖЕСДЕ DASH на CONTRACT DESCRIPTION ине: 


۲۰۰۷ 


GENERAL DYNAMICS CONVAIR ACTIVE WORK ORDER MASTER LIST 
НЕРОН o ۰26 


CONTRACT 
Пан NO. 


pate 11/17/67 


TERM SÜ 145-2 CHANGE 7-000-16»19,2060/0 w/Q 5 
TERN SO 145-2 CHANGE е-СС0-52 GD/C W/O 00892 
TERM 50 195-2 TERFINATION GD/C W/O 008981 
50 5-5 LOCKHEED ЕМб СНАМОЁ 61-2-4 00/С W/O 00874 
50 8-5 LOCKHEED ENG CHANGE 51-2-5 GO/C н/0 00875 


100 


пџадет, 


PAGE NO 


50 5-5 LUCKHEEO ENG CHANGE 67-2-6 GO/C W/O 00876 
50 5-5 LOLKREED ENG CHANGE 67-2-7 GD/C W/O 00877 
50 5-5 LOCKREED ENG CHANGE 6-%С0-073 GD/C W/O 00878 
50 5-6 LUCKHEED ENG CHANGE 6-4C0-083 GO/C М/О 00819 


505 $ LUCKHEEU 
505 9 LUCKHEEC 


ENG CHG 6 4CO 130 GD/C «/0 21880 
ENG CHG 7 500 21^ СОИС W/O 21381 


505 9 LOCKHEED ENG CHG 7 4CO 266 GO/C W/O 21382 
565 9 LOCKHEEC ENG CHG 7 4CO 272 GO/C W/O 21883 
$05-9-4LUCKHEEU | ENG CHG 7 4CO 187 GD/C W/O 21884 
505-9-510СКНЕЕр | ENG CHG 7 4CO 200 GU/C W/O 21885 
505-9-7:00КНЕЕр | ENG CHG 7 «CO 243 GO/C н/0 21887 
505-9-810С8НЕ Ёр | ENG CHG 7 АСО 301 GO/C W/O 21888 
$ü5-S-SLOCKHEED | ENG CHG 7 400 306 60/С W/O 21889 
505-9101006٤ | ENG CHG 7 асо 344 GO/C W/O 21890 
505-911۱06۲6 6 | ENG CHG 7 4CO 362 GO/C #70 21891 
$C5-912LUCKHEED | ENG CHG 7 4CO 365 GD/C W/O 21892 
SOS-913L0CKHEED | ENG CHG 7 4€0 410 60/С W/O 21893 
SQ5-GI4LOCKKEED | ENG CHG 7 4CO 436 GO/C W/O 21894 
505-51510СкнЕЕ0 | ENG CHG 7 4)0 422 GO/C w/O 21895 
SOS-SIOLOCKHEED | ENG CHG 7 4CD 456 СОИС 8/0 21896 
SQS-SI7LOCKREED | ENG CHG 7 4CO 433 GD/C W/O 21897 
S05-9]BLOCKHEED | ENG CHO 7 400 457 GD/C W/O 21898 
ф 3025 91SLOCKHEED | ENG CHG 7 400 458 G0/C W/O 2189917 7-5 

SBS@SZCLOGKKEED | ENG CHG 7 Асо 488 GD/C ۱6 21900 
| 305a S2LLOCA HEED- ENG CHG 7 60 483 GD/C w/D 21901 

"'SUS-S22EULKHEED :| ENG CHG 7 466۵ 472 60/6 WAG 21902| ~ 


' S05-S26LUCKHEED 
505-52540СкнЕЕр 
S05-926L GCK HEED 
55-9 ۷۵ 
Та № TECH DATA 
0151 SPEED KITS 
MISC COML SALES 
PGLE1464 ЈНА H 
AF MISC BILLABL 

50 4-1-428 


ENG CHG 7-4с0-573 
ENG CHG 7-4с0-721 
ENG CHG 7-4C0-5B6 GD/C W/O 21906 
ENG CHG 7-4С0-530 GD/C W/O 21907 
SERVICE 5 GD/C ۷۸ 00503 
340 SPEEO SCUND KITS GD/C W/O 00575 
„Кик CARRIER RESP GD/C я/0 00592 
MODEL CONST 2VERSION GO/C н/0 00679 
{TER MiL AP BILLABLE GO/C я/0 00681 
TERPINATION EFFORT-80EING 1/20 МОО 


ез с со 60 می‎ Оз (n (D со O OW tn 0300 CD Су сс O QD п? кр (р cD (C Qi go Сс р (OD (o (D со (р TD (0 б: ©: G cD 
бо لد‎ 03 о о - ہہ یہ ~ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ یہ ہے لد بد یہ بہ یہ یہ یہ لد یہ بہ له‎ 


„> >>> pole >>> ре جر‎ Т> Pr P> }> ре Ре рә ү» > ре р> > > }> > > > > > > > > Бе P Т> ро г> Го 


B ]41 TERMINATION ко GD/C 7 
B Е 141 TERMINATION HÛ -GD/C ۷/0 00322| 7 | 
8 C 141 TERMINATION HD GO/C W/O 00823| T | 
8 C 141 TERMINATION 0 GD/C м/0 1٦7 A|: 
8 C 141 TERFINATIGN КО GD/C W/O 00828| 7 A| 
8 C 141 TERMINATION WO ۰ GD/C W/O 00830] 7 A 
Bade 40 191 7 TERY ERATION нд... ۰60/۲ WAO 00831). 7 . А. 
ВС 1 161۳۱6۵۲ ОК WU GD/C W/O 7 4 
в С 141 TERMINATION ий, , 50/0 W/O 0083447 А 
g С 141 .TERMINATEON ۰ 60/С ۷۸۵ 0083527 ۸ 
8 C 141 TERMINATION 60 607 W/O 7 A : 
8 Č 1 TERMINATION но GO/C W/O 008451۱ 7 A 
B С 141 TERMINATION 0 GO/C W/O 00846] 7 A 
B C 141 TERMINATION WO GO/C ۷/0 00847] 7 A 
B € 1 TERMINATION мо GD/C w/u 00850| 1 A 
B C 141 TERMINATION но. GO/C W/O 7 4 
B C 141 TERMINATION мо 60/С w/O 00858] T A 
8 с 141 TERMINATION мо G0/C #70 0۵08591 7 A 
8 C 141 TERMINATION WO GO/C н/0 00862] 7 A 
B с 141 ۲۸10 но GD/C W/O 009641 7 А 
в C 141 TERMINATION ۵ GD/C «/0 008671 7 A 
8 C 14) TERPINATIGN КО GD/C к/о 00869| 7 A 
8 C 141 TERMINATION WO GO/C ۷/۵ 00880| 7 A 
8 C 1 TERFINATION WO GD/C м/о 00881| 7 à 
8 6 141 TERMINATION wD GU/C W/O 00882|-7 A 
B C 141 TERMINATION wD GO/C ж/о 008831 7 A 
8 C 141 TERMINATION #0 СОИС n/O 00887| 7 A 
в C 3 TERMINATION ۵ GD/C я/0 00888| 7 A 
8 AF416C8 11351 TERMLNATICN WO GO/C W/O 00836! 7 A 
B АРА16СЁ 3 TERMINATION WO СОИС ۷/۵ 08901 7 A 
| В AF«16C6 58 TERMINATION ۵ G0/C в/о 00896] 7 A 
B KF4S16C8 28156 TERFINATION WO GO/C W/O 00899} 7 A 
Ё AF41(60813362€ TERMINATION ۵ GD/C W/O 00198| 7 A 
B AF41LG608153618 TERMINATION wD ВМС W/O 00140| 7 A 
Ë ۸۶۷۴ 68 TERMINATION КО GD/C W/O 77 A 
B TERM SG 1436-3 PARTIAL TERM — 57463 GD/C ۷/۵ 008941 7 A 
B BASIC ОКО AGREE | CEMPL TERA-SA 66-14 GD/C W/O 00891| 7 А 
8 BASIC GRD AGREE | PART TERM —5A 55-24 ۵0/6 w/O 00953] 7 А 
8 MISC SPARES CGMPL TERM CF 59474 GD/C w/0 00895] 7 A 
B 50 1436-61 PART TERM ОР 54840 СОИС 00833; 7 A 
8 TERM SU 145-2 CHANGE. 6-CCO-78 СОИС 00884| Т А 


е «4, КЕТЕЛІК. тук —Ü | 


Sai, eno ДА وخ‎ “Сы iy по E 


~ 


Э 


EE ЫГ 


. чин Син е CONVAIR ACTIVE WORK ORDER MASTER LIST 
S203 0 6 pare 11/17/87 _ PAGE HO. - 97 


' : CONTRACT | | x wie, | Арт gr К оны. DUUGET | 
7 "ТЯ 
А 
. 


2 106151, SERVICES | RELIABILITY + DATA CONTROL AYLI 0020 
LOGIST.SERVICES | DOCUMENTATION | APL $ 0020 
LCGIST.SÉRVICES | INVENTORY MANAGEMENT АЙЫ: 57| 0020 
| LOGIST.SERVICES | SPARES ۷ ۸۱11: 57| 0020! 
Epiri ST, اس‎ WAREHOUSING . Afia: 67] 0020| 
GIST. SERVICES [|VSREÜPQNE ° a АД. $7}. 0020 
: LEGIST.SERVICES | BLUEPRINT REPRODUCTION SERVICES. А 67| 0020 
LOGIST.SERVICES | УЕМООК DATA Ај: 71 0020 


CGMPUTER DISTKIBUTION (nv, MGMT) 
STE CALIB*MAINT 

TASK IDENTIFIED BY SUBACCQUNT 
REC.INSP.*SHIP LABOR FOR ۷ МАТ" 
MATERIAL REVIEW + CORRECTIVE ACTION 
МЕМСОК TERMINATION 

FREIGHT QUT-BDUND 

FREIGHT ALLOCATION (1N-60UND) 
TERMINATION WO 60/С я/0 00139 
08501. МАТ SCOS5-CCO 6750/С М/О 00142 
083501 МАТ SCO5-CCO 6660/С н/0 00143 
6856:1 МАТ SCO5-CCO 65GD/C W/O 00144 
08500 MAT SCOS-CCO 62G0/C W/O 5 


۸۱11: 7] 0020 
۸۱۱۱۳ 67 OOF 
۵۸۱۱1 $7| 0010 
۸۱11۱ 571 0 
۸۱1۱: 67۲ 0 
۱۱۰ھ‎ 7) 0 
КІМ! 67| 0010 
А 11: 571 00101 
2۸۱۵۲ 551 3990 
۸۱06: №5| 3990 
4106: 3990 
۸۱06: 55| 0 
А| 06: 65| 3990 


А] 06 #5| 3990 


LCGIST. SERVICES 
CONT LEVEL COST 
CONT LEVEL COST 
CONT LEVEL COST 
CCNT LEVEL COST 
CGNT LEVEL COST 
CONT Level COST 
CONT LEVEL COST 
АРЗ3(657)8835 
۸ ۴۶5 2 ) ЕБТ) 5 
۸۴3 3 ) 65 ۲( £835 
АЕЗ2(657) 25 
۴ُھ‎ ۵۶۵ 


Ғыл.‏ مرف 


АЕЗ3(657)88325 0850. МАТ SCO5-CCO 60GD/C B/D 00146 

MAT SCOS-CCO 59607 W/O 00147 4106; #5| 3990‏ 08501 5 ۶3ھ 
АЕЗЗ( Е5Т) 8535 0850. МАТ SCOS-CCO 5660/С к/0 00148 ۸۱06: 55| 3990‏ 
AF13(657) 8825 OBSCL MAT 5005660 49GD/C W/O 00149 А| 08! 55| 3990‏ 
AF33 857 5835 TERM КО 5014-20-27 GO/C «/0 00150 мор: 3990.‏ 
AF33 657 5835 TERMINATION НО GO/C W/O 1 4104 #5| 3990‏ 
AF33 657 £8625 TERMINATION ۵ GD/C МАО 00152 04 %5| 3599‏ 
AF33 657 5 TERFINATION WO GO/C W/O 3 A 94 %8| 3990‏ 


AF33 657 5 
AF33 657 5 
AF33 651 5 
AF33 657 5 
AF23 657 #825 
AF33 657 5 
AF33 €57 25 
AF33 €57 8825 
AF33 €57 8535 
۸ ۳۵3 257 8825 
AF33 €57 8835 
AF33 657 E835 


TERMINATION ۵ GDZC ж/о 00154 
TERMINATION WO GD/C W/O 5 
TERPINATION 0 GD/C М/О 6 
TERMINATION WO 60/С W/G 7 
TERMINATION WO GO/C W/O 00160 
ТЕКЕ(МАТ1ОМ ۵ 00/С W/O 1 
TERMINATEGN ۵ GO/C К/О 00162 
TERPIRATION wD GO/C W/O 00163 
TERMINATION мо GO/C н/0 00164 
TERNINATION ۵ GD/C W/O 00165 
TERMINATION ۵ GD/C к/0 00167 
TERMINATION ۵ GD/C и/0 00168 


4106 65| 3990| > 
4104 %5| 3990. 
4/04 %5| 990۱ 
4104 %5) 3990 
4104: 45} 0 ۱ 
alos! 55| 3990 

А! 04! 45| 3990, 
410: 55| 3990 

А| 04: 55| 3990. 
4104: i65| 3990 
А|04 دم‎ | 5990 
۸۱۵4: i651 3990 


e TFT MV 


ЕГТІТІГЕГГЕТГТЕГІЕІГІГІІГГІТТІГІІІГІГТТІГІТГІГІ! 
لد لد لد ي لب ب لد يد لد ل لد ل ل‎ чая ل لد له له لد لد لد لد لد‎ чэн لد ل= لد‎ чэн 


GENERAL DYNAMICS CONVAIR ACTIVE WORK ORDER MASTER LIST 
"REPORT мо. 5203А60 DATE 11/17/57 PAGE NO, 


sepes pnr] DASH MD CONTAACY DESCRIPTION = 


ам | 7" во inas} га 


ОЕБС РОВ 


ہے ~ 


Ё AF32 657 8535 TERMINATION WO СОУС W/O ۵0۱69۱ 7 
; 8 AF33 a57 8535 TERNINATION WO GO/C W/O 001۲۵۱ 7 
8 AF33 657 5 ۲۴۶۱۵ ۲10۷ WO GD/C w/Q 00171| 7 

Bg AF33 657 5 TERPINATION ко GD/C w/Q 00173| 7 

| 8 AF33 657 8835 TERMINATIGN wh GD/C #70 00114| 7 
| B AF13 657 6835 TERMINATION ۵ GO/C W/O 00176] 7 
B AF33 £57 8835 TERMINATION WO GD/C W/OD 00171| 7 

B AF33 657 5 ТЕВ ٣۸۸۲1 но GD/C н/0 00179| 7 

8 AF33 657 8825 TERMINATION ий GO/C М/О 00180| 7 

i B AF33 657 5 TERMINATICN ۵ GD/C н/о 7 
: B AF33 657 5 TERMINATION М0 GO/C к/б 00182] 1 
| B AF33 651 8835 TERMINATION ко GO/C н/0 001831 1 
5 8 AF33 657 5 TERMINATION НО GD/C ۷۸۵ 00187| 7 

| 8 AF33 t51 6625 TERFINATION КО GD/C #70 00188) 7 
B AF 33 657 5 TERMINATION WO GOZE н/0 00189] 7 

8 AF23 657 5 TERMINATION WO GO/C н/в 00190} 7 

B AF32 EST БЕЗ5 TERMINATICN HJ GD/C ило 1 7 

B ۸۴33 657 5 TERFINATI ON HO GD/C ч/0 001951 7 

B AF32 651 8835 TERMINATION wD GD/C w70 8 7 

B AF32 657 6625 TERFINATEGN КО GD/C м/0 001911 7 

0 AF 23 657 5 TERFINATEON WO GO/C иго 00199| 7 

8 ۵۲41 608 20507 TERMINATION ид G0/C 8/0 00158! 7 

B ара] eCB 25055 TERMINATION КО GD/C м/0 00159| 7 

B Аре] 608 25055 TERMINATION wo СОИС W/G 00186| 7 

8 608 25055 TERMINATION ий 60/6 м/о 00193] 7 

B و‎ 608 25055 TERPINATION МО GO/C мис 7 

B с08:825055 f ERN МАТ ТОН но: GD/C ۷۸۵ 00853| 7 

B б و‎ 2203 PARTIAL TERM MO-04-1 GC/C W/O 00866] 7 

8 АРА £68 25055 ۱ HO GO/C W/O 7 

B DSA 9 13151 TERMINATION НО GD/C 8/0 00172| 7 

818 AF41 608 23708 TERMINATLGN WO GD/C W/O 0061857 

B AF41 605 72 TERMINATION WD брус W/O 00192| 7 

B C 144 ТЕЯ ۳۱۱۲۷۸ ۲1.01 МО GDZC ч/0 00802 | 7 

B С 141 ۲27 ۷11۸11651 WO GD/C W/O 00806) 7 

B 6141 ۲ ۸۸۱۸۸۲ WO G0/C W/O. 00805| 7 
в L 1 TERFIKATION ИО СОУС W/O 00806] 7 

8 С. 141 TERMINATION ИО GD/C W/Q.00807| 7 

8 C 1 TERFINATION WO GD/C W/O 00813] 7 

18 C јел ] ۶۲۲۱۸۸ ۲۱ ОМ 0 GD/C w/O 00814| 7 

8 С 1 ТЕКЪТМАТЕОК wD GD/C ۷/۵0 00815] 7 

8 C 141 TERMINATION. ۵ GD/C W/O 008161 7 


15710841 


GENERAL срам CONVAIR 


GENERAL DYNAMICS CONVAIR 
4 REPORT NO )3۵6ئ5‎ 


TERM SÜ 145-2 
TERN 50 145-2 
TERM Su 145-2 
50 5-8 LOCKHEED 
50 5-5 LOCKHEED 
50 5-S LOCKHEEO 
50 5-5 ۵ 


TERMINATION 


ENG CHANGE 
ENG CHANGE 
ENG CHANGE 
ENG CHANGE 


91-2-% 
57-2-5 
67-2-6 
67-7 


CHANGE 7-CCC-16,19,2060/C 
CHANGE 6-CCC-52 


GO/C 
СОИС 
ا6"‎ 
"676 
60/C 
GD/C 


ACTIVE WORK ORDER MASTER LIST 


Q REPORT НО. 
CONTRACT 
=== جج دح‎ —= | =a 
) «Cic zCO811|a2941|8 141 TERMINATICN 0 GD/C W/O 00817 
: 18221425418 С 141 | TÉRMINATION НО 607С w/D 00822 
: |B22]42941|B C 141 TERMINATION WO GO/E #70 3 
ы 3 : [824142641 | В С 141 TERKINATTON. 0 60/С W/O 00824 
| В2Е! 42541 E C 141 TERMINATION WO GD/C W/O 00828 | 

: |836| 42941| В с 141 TERMINATION WO 60/С W/O 00830 
3 41 «ist |8311] 428418 + C 141 МЕ VATION на, 60 اي‎ 1 
Э i [B32| 42541| 6 X ~ ТЕКТ NATION wD то: 00532 
: | 183414254118 С 141 TERNINATION WO G0/C- 8/0 00834 
У ; 3 4254.1 | В С 141 ٦68 ٣1۸0 WO GD/C W/O 5 
| 184114294118 С 141 TERMINATION WO 6076 «/а 00841 
: i 1845|52541|8 C 141 TERMINATION ко GD/C W/O 00845 
3 | 184е| 425411 В C ۱ TERMINATION 40 GO/C W/O 00845 
| 1847] 42541] В C 141 ТЕКМІМАТІЯМ #0 60/6 ۷/0 00847 
Е lesc| 42941 8 C 141. TERMINATION WO GO/C W/ZU 00850 
5 Е 1854142541| В с 141 TERFIANATION ко 60/C н/0 00854 
| : ТЕБЕ) 42541 В С 141 TERMINATION wO СОИС 0 00858 
85<| 4254118 C 141 TERMINATION ид GO/C W/O 00859 
5 i 6۵ 8 C 141 TERMINATION WO GO/C W/O 00862 
| | 1664142541] 8 C 141 TERKINATION ко GD/C W/O 00864 
2 : |8671 425%1| В C 141 TERMINATION «0 GD/C 0 00867 
9) i |865| 42541| 8 C 141 TERMINATION WO GÜZE W/O 00869 
Е 2. евсј 42541 | 8 C 141 TERMINATION WO 6076 м/о 00880 
t 16811 4294 1| B C 141 | TERFINATION но GO/C W/O 1 
3 : 1862| 42541 | В с 141 TERMLNATION HO GU/C ч/0 00882 
۱ i |63] ) 86 C 141 TERFINATION #0 GO/C W/U 00883 
| 881|42541|8 C 141 TERFINATION ۵ GD/C ۰۱ 00887 
J ٤18 C 141 TERFINATION жо GU/C н/0 00888 
«вс де зе 1135118 AF416C8 11351 TERMINATION WO GO/C к/0 00836 
14160896] 2225 3| В ۸۲۸1668 3 TERMINATION ۵ GÜ/C м/о 00890 
3 1 3:6 0851 20356 В AF416C8 8 TERMINATION WO. GO/C W/O 00896 
1260866] 28156] B AF416CB 28158 TERFINATION WO GD/C W/O 00899 
1586015 6۱ 23e2e| В AFS1(6U5) 3362€ TERMINATION ка GD/C н/0 00198 
3 Hr 3308 ۱ھ‎ 7۶٤ TERMINATION ий СОИС W/O 00140 
Е пай 33618 Е AF410l66813381£ 12 ۴ 1 5 ۲۱0 WD .  GD/C W/O 00141 
| : |B9«| 338 TERM SU 1436-3 PARTIAL TERM — 57463 GO/C к/0 00894 
۱ [ 56089۱۱ 31566| В BASIC GRO AGREE | ССМР. TERM-SA 66-14  GD/C W/O 00891 
| i 1892| 31960| В BASIC 080 AGREE | PART TERM -S& 65-24  GU/C н/0 00893 
1 66039: | 184721 8 MISC SPORES COMPL TERM СЕ 59474  GD/C и/0 00895 
3 145((4822| 33 56 3| В 50 1436-61 “PART TERM OF 54840 GD/C R/O 00833 
i 2 0018541 ا1485‎ В TERM SU 145-2 CHARGE 6-CCO-78 GD/C 00884 


ACTIVE WORK ORDER MASTER LIST 


WORK GADEN Contract | cea 
* CONTRACT DESCRIPTION 


w/G 
ы/а 
W/O 
М/О 
W/O 
۷/0 
ы/а 


pare 7 


11/17/67 


ПАЛЕ 


ВЕНЕ ЕБРР ee 


PAGE NO. 


99 


PAGE NO. 


3990 
3996 


3990 
3990 
3990 


100 


E пораст 
cost ^" 


00885 
00892 
00898 
00874 
00875 
00376 
0087? 


Su 5-5 LOCKHEED 
58 5-5 LOCKHEED 
505 $ LUCKREEC 
505 9 LOCKHEED 
505 9 LOCKHEED 
595 9 LOCKHEEE 
SOS5-S8-4LÜCKHEEO 
$05-$~S5LOCKHEED 
$05-$- 7LGEKHE ED 


ENG CHANGE 6-4C0-073 GO/C 
ENG CHANGE 6-4C0-083 GO/C 
ENG CHG 6 400 130 GO/C 
ENG CHG 7 400 214 GD/C ۵ 
ENG CHG 7 4С0 266 GO/C н/п 
ENG CHG 7 4CO 272 GO/C 0 
ENG CHG 7 4CO 187 GO/C W/O 
ENG CHG 7 «CO 200 GD/C ۵ 
ENG CHG 7 «CO 243 GO/C W/O 
$05-9-ELOCHHEED | ENG CHG 7 ھ٤0‎ 1 GO/C 0٥ 
$05-S=SLGCKHEED | ENG CHG 7 4С0 306 G0/C w/0 
$05-S1G0LOCKHEED | ENG CHG 7 400 344, 6676 0 
SO5-SLLLOCKREED | ENG CHG 7 4CO 362 GD/C W/O 
SC5-912L0CKKEED | ENG CHG 7 460 365 60 0 
SU5-S1I3LOCKHEED | ENG CHG 7 4C0 0۵ GD/C ۵ 
505-914(0СККЕЕО | ENG CHG 7 460 436 60/2 ۵ 
5۹05-91510۳۶] | ENG CHG 7 400 422 GD/C w/Q 
S05-S16LQCKHEED | ENG CHG 7 4C0 456 GO/C 8/0 
505-61110СКНЕЕО | ENG CHG 7 4С0 433 GD/C к/0 
505-916108۲0 | ENG CHG 7 400 457 GD/C W/O 21898 
SQ5-S1SLUCKHEED. | ENG CHG 7 460 sae Брус W/O 21899 
2و ود‎ 006۵660 l'ENG7CHG^7 4CÓ 38 6076 «/0 21900 
505-5214ПСКНЕЕО | ENG CHG 7 860 483 GO/C #70 21901 
505-S22LOCKHEED | ENG CHG 7 400 472 GD/C W/O 21902 
` S05-S24LOCKHEED | ENG CHG 7-4C0-573 
SO5-SZ5LUCKHEED | ENG CHG 7-4С0-721 
Sü5-S26LOCKHEED | ENG CHG 7-5C0-585 GD/C 
SO5-S27LUCKHEED | ENG CHG 7-4С0-630 GD/C 
Тъ А TECH ВАТА SERVICE SULLETIAS GD/C 
DIST SP£EU KITS | 340 SPEED SOUND KITS GD/C 
MISC СОМ, SALES | EWK CARRIER RESP GD/C 
86۱81464 JÜBN H | MODEL CONST 2VERSION 6 
AF MISC BILLABL | ITER MIL AP BILLABLE GD/C 
50 4-1-4286 TERMINATION EFFORT-BOEING 


00878 
00879 
21880 
21881 
21382 
21883 
21884 
21885 
21887 
21988 
21889 
21890 
21891 
21892 
21893 
21.894 
21895 
21896 
21897 


“70 
“70 
к/8 


lm от co Gu m оз @ (р го جح‎ 00 с су 


7 р arsi up aqhaq alaq ف‎ азы 


W/O 21906 
8/0 21907 
4/0 00503 
570 00575 
#/0 00592 
W/0 00679 
W/O 00681 
1/20 NOD 


со CB C) CD ی‎ оз (0 09 пр ص‎ O CD тв (OD 0D со (T mn بی ہی‎ UC (n (D со ски 


лале Пр Пр c-r S =‏ ڪڪ 


CO وو مہ م ید‎ m لد لد‎ do لد‎ q یہ یہ هد لد لد‎ ds 


ہیور رر ریت 


"wp 
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* 
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7 AT 
GENERAL DYNAMICS CONVAIR ACTIVE WORK ORDER MASTER. LIST 
Q Est не.“ .$203A00 i әке 11/17/67 ус мо 9T 
DASH но CONTRACT DESCRIPTION DESCRIPTION IE c oot 
| 2 B LOGIST.SERVICES | RELIABILITY + DATA CONTROL 7 АПЫ اص‎ 0 
b LOGIST.SERVIGES | DOCUMENTATION 7 ALY 27 0020 
B 166151.56ЯУІСЕ5 | INVENTORY MANAGEMENT 17 А|11} 7] 0020 
) 8 LUGIST.SERVICES | SPARES LIAISON 7 АЛЫ $7| 0020 
8 LCGIST.SERVICES | WAREHOUSING - | 7 ۸۱11: #7| 0020 
B LCGIST.SERVICES | SHIPPING 7 | fah $7j 0020 
B LCGIST.SERVICES | BLUEPRINT REPRODUCTION SERVICES 7 ۸۱11: 67| 0020 
B LGGIST.SERVICES | VENDOR DATA 1 Ajiri 67] 00208: + 
8 LEGIST. SERVICES | COMPUTER DISTRIBUTION LINV,MGNT) 7 ۱۱۷ھ‎ 51| 0020 
2- 8 CONT, LEVEL COST | STE ۲ 7 Ај 57 0 y 
B CONT LEVEL COST | TASK IDENTIFIED BY SUBACCQUNT 7 ۸۱11: 7 
5 B CONT LEVEL COST | KEC.INSP.*SHIP LABOR FOR INV.MAT'L | 7 ۸۱1۱۱ 7 نت‎ KS 
5 в CCN] LEVEL COST | MATERIAL REVIEW + CORRECTIVE ACTIONI 7 ۵۸۱11: 7| 001 
8 CGNT LEVEL COST | VENCOR TERMINATION 7 ۸۱11: 7 0010 
B | CGNT LEVEL COST | FREIGHT DUT-BOUND т- | [А 67] 0010| 4 
` B CUNT LEVEL COST | FREIGHT ALLOCATION (1N-60UND) 7 ajili 7| 001014 
B ۵۴2 31 65 ۱5 TERMINATION ۵ GO/C я/0 001391 7 اموود |65 :۵7اه‎ 
8 ۸۴331657۱ 8 5 08500 MAT 5605-060 6750/С W/O 00142| 7 «106; #5| 3990| 2 
8 ۵5ھ‎ 08501 МАТ SCOS-CCO 6660/С w/G 001431 1 Ajos: $5| 3990 €. 
B ۸ ۶3 31 ۹٤ 08501 MAT SCOS-CCO 65GD/C ۷/۵ 00144] 7 ۸۱۵۵: 65} 3990 |=" 
8 АРЗ2(657)8835 0850. MAT SCO5-CCO 626D/C W/O 00145] 7 4106 65 2150 
8 АЕЗ21651)8835 08501 MAT SCO5-CCO 60GD/C 8/0 00146] 7 A|o6 #5 8 
B ۵۸۲53۱657۱ 4825 OBSGL МАТ 5С05-СС0 59GD/C W/O 00167) 7 А| 06: 55 3538 
B АЕ53{ 657) 8835 0850.“ МАТ $605-СС0 5660/С к/0 00148| 7 А |06: #5| 3990 
В ۸5 0856 MAT SCOS-CCO 496D/C W/O 601491 7 ۸۱06: 85| 3990 
B AF32 €57 5 ТЕКУ WO SCL4-CCO-27  GD/C к/0 90150| 7 af + Í 399044. 
B AF33 657 5 TERMINATION но 60/6 W/O 00151| 7 А|04 %5| 3990 
B | AF33 657 5 TERMINATION WO GD/C W/9 00152] 7 Alou 65| 3990 
B AF33 657 5 TERNINATION ко GD/C ۷۶۵ 00153| 7 Ajos bs} 0۰ 
- B AF33 657 8635 TERFINATIGN WG GD/C W/O 00154] 7 ajos 65} 39901! 
В AF33 657 8835 TERMINATION WO GD/C 470 00155| 7 А 04: №5| 3980 |: 
8 AF33 657 8835 TERMINATION WO GD/C #70 00156| 7 ۵| 04: #5| 3990|, 
i 8 AF33 657 5 TERMINATION ۵ GD/C ۷/۵ 00157| 7 А|04 %5| 3990 
8 АРЗ3 657 £835 TERMINATION WO GD/C W/O 00150| 7 Ajos 45] 3990 
B AF32 657 5 TERMINATEGN wD 60/6 w/O 00۵1611 7 А104) %5| 0 
' B AF33 €57 5 ТЕВ № | МАТ! СМ ۵ 60/C W/O 00162] 7 А| 04: #5| 3990 
8 AF33 657 5 TEAPINATION wD GO/C W/O 001631 7 А|0& %5| 3990 
B АРЗ3 657 8835 TERMT NATION WO GO/C ۷۸۵ 00164| 7 ۵۱04 65| 3990 
| B AF33 657 8835 TERMINATION WO 60/С W/O 00165| 7 alos %5| 3990 
| B AF33 t57 8825 TERMINATION WO 601 к/0 00167| 7 نماد‎ #5| 5990 
| B AF33 651 5 TERMINATION WO GD/C W/O 001681 7 ۸۱۵4 %51 3990! 
۱ m 7 E в алга 
@ ү | h 
>=? & 


GENERAL DAMES CONVAIR 


"REPORT NO. 
ساجا‎ T 


ACTIVE WORK ORDER MASTER LIST 


CONTRACI 
Пази MD CONTRACT ОЕЗСАРТ ОН 


өле 117177467 ғын. 


LER 
АСЕ! 


RFT 
ite 


OESCAIPHON 


СЕ835 ۸۴33 657 8535 TERMINATION WO GO/C к/0 001691 7 : 55 

| AF32 857 5 TERPINATION WO GD/C м/о 90170 : #5 
۸۴33 £57 5 TERMINATION WO GD/C м/0 00171 55 
AF33 657 8835 TERMINATION WO GD/C к/с 3 85 

I AF33 657 5 TERMINATION #0 GD/C w/ü 00174 5 |. 
AF33 €57 8835 TERMINATION нд 60/C W/C 00176 65 
AF23 657 5 ۲۶] WO GD/C М/О 7 65 
AF33 657 8835 TERMINATION ۵ GD/C 06 00179 65 
AF33 €57 8825 TERMINATION но GD/C W/O 00180 55 | 3980 
AF33 657 5 TERMINATION но G0/C W/Q 00181 55, 29" 
AF33 651 5 TERMINATION WO GO/C к/0 00182 65| 3990 
AF33 557 5 16۱۳ 1۵ ۲10۷ НО 60/0 W/O 00183 55| 3990) 
AF33 657 5 TERMINATION WO GO/C н/0 00187 5 : | 
AF33 657 5 TERMINATION WO GD/C 8/0 00185 + 5 jb 
AF 33 657 8835 TERMINATION WO GD/C ч/б 00189 04: 56| 3940 
AF33 657 8835 ТЕКФРКАТЕОН ий GO/C 6 00190 04: 65| 3990. 
AF32 657 5 TERMINATICN WO GD/C нхо 00191 |* 04 45| 88 
۸۴33 657 8835 TERMINATION #0 GD/C 8/0 00195! 04: $5| 3990 

i AF32 657 8835 TERMINATION WO GD/C н/0 omes] да; و‎ +3990] 

AF33 657 &635 TERMINATION WO GD/C м/0 00197 i 55] 3990 
AF 23 657 8835 TERMINATION ко G0/C ۷۸۵ 00199 66 9 


өз с: с (D m (CC cc. تق :یح‎ m © CD (D UD CD UD со بت‎ тїт с UD 0۶ оо mD cc (D tp с со с CO O сс O rp p O OP 


AF^1 
AF41 
АЕ» | 
АЕА | 


29507 
25055 
25055 
25055 
۸۲۰۱ «ба 25055 
AF41 608 25055 
АР 11605} 25052 
۵۲41 665 5 
OSA S 13751 


608 
608 
eC‏ 
تا یاه 


B ETF TT 608 23708 


2 8 60 
ی 141 
141 

141 

14i 
2141 

151 
144 
141 
144 


АРАЛ 


оососсосе 


1۶8۳ ۱۸۱۵ ۲1 0 #0 
TERPINATICN WO 


TERMINATION на 607/6 Ч/О 00186 
TERMINATION ИП GO/C к/0 00193 
TERMINATION WO GO/C W/G 8 
TERMINATION КО 50/С м/о 00853 


PARTIAL TERM МО-ь4- 1 


ГЕКМІҺАТІОН wQ GD/C W/O 
TERMINATION НО GO/C w/ü 
۳60۷۳۱ ۵ TION WO... 0046. W/O, 


TERMENATION WO 


TERMINATION WO, یں‎ GO/C W/O 00802 
TERPINATIQN 07777 507С W/o 00804 | 
TERMENATEQN WO GD/C 8/0 00805 
TERFINATION НО GD/C и/0 00806 
TERMINATION xO, GO/C W/O 00807 
ТЕКЫ! МАТ! ОМ ко БОИС W/O 00813 
ТЕРМ [МАТЕОН БО 6076 W/O 00814 
TERMENATION wO GD/C W/O 00815 
TERNINATICN КО GD/C к«/9 00816 


GD/C н/0 00158 
GO/C W/OD 00159 


GD/C W/O 00866 


GD/C W/O 00192 


00873 
00172 
00185 


یہ ہہ یہ мээн‏ یہ یہ لد یی У‏ لد يد هد یہ لد Ч гн ч EAE‏ يد чэн‏ ل هد فد 


65 
65 
%5 
55 


65 
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GENERAL 05 CONVAIR ACTIVE WORK ORDER MASTER LIST 


Q REPORT NO. DATE l 1 / 1 1 46 1 PAGE NO 39 
EL EID: == 
^ 4 CIC 17 8 141 TERFINATICN 1 #70 00817] 7 А |04: Юю5| 3990 
: (822 B с 141 | TERMINATION Ч . ۷۶۵ 00822] 7 А |04: 55| 3990 
1 32 B С 141 TERMINATION W/O 00823| 7 Ajo %5| 3990 
: |824 B с 141 TERKINATIDN 4/0 008241 7 ۸04 %5| 3990 
i Jeze g C 1 TERMINATION . W/O 00828| 7 Ajos 65| 3990 
: 60 8 C 141 TERMINATION 4/0 00830] 7 A104: %5| 3990 
i 21 a С 1 TERM INATION W/O 00931 7 41 04: 55| 3996 
: |822 B C 141 TERMINATION н/0 00832| 7 А| 94: £5} 3990| | 
i 834 8 € 141 TERMINATION нис 00834| 7 А10: 65| 3990. سے‎ 
i |835 B C 141 TERMINATION #70 00935] 7 4194! 55| 8 
„i |841 8 Саа TERMINATION i м/0 7 alos 55| 39390  ; 
: 1845 8 C 141 TERMINATION я/0,00845| 7 A yi $5| 3990 : 
i |846 B с 1 TERMINATION муо 00846| 7 А| 04: #5 399012) ! 
: 1847 B с 141. TERMINATION /ü 00847| 7 Ajos: 85(Р3850Р. 
i ع6‎ B C 141 TERMINATION #70 7٦7 alos: 65|’ 3990). “ f 
| 4 8 C 141 TERFINATION «/0 008541 7 ۸۱04: %5| 399017 
| |85 g C 141 TERMINATION н/о 00858] 7 A|o4; 55|, 3990]. 
| |855 8 C 141 TERMINATEGN 8/0 00859| 7 2104 #5| 3990 
i [Bec B с 141 TERMINATION ; W/O 00862| 7 ۸۱۵ 55|] 3990. 
ШЕ 8 C 141 TERMINATION 4/0 00354| 1 واه‎ №5| 39901, 
867 B C 141 TERMINATION w/O 008671 т Ajos; 65] 3990 
665 5 с 1 TERME NATION 4/0 00869| 7 Ajos: 65| 3990 
i 6 B C 141 TERNFENATI ON н/о 008801 7 A104: 651 3990 
| 1281 В C 141 TERNINATIDN W/O 00881| 7 alos: 165] 3990 
1 882 Ё C 14) TERMINATION w/0 008821 7 А|94! 55| 3980 
: |652 в с 141 TERMINATION к/а 00883| 7 А|04 #5| 3990 
EE 1 B C 141 TERMINATION ; н/о 00887| 7 A|9% 55| 3990 
ЕВЕ 8 C 141 TERMINATION 4/0 00888| 7 А] 04: 65 | 3990 
c&c 63€ B АЕчЧ1608 1 TERMINATICN . &/ü 7 А|04 №5| 39901. 
10608356 11: АРа1608 23253 TERMINATION 4/0 008901 7 А|04 Юю5| 3990|' 
i 6 6 B AF416C8 20388 TERNI NATI GN ۸0 00895| 7 8|04 55| 3990 
à 2۹ B АРА16С8 28155 TERMINATION н/0 00899| 7 А|04 #51 3990 
1 156019 |ع‎ 2 8 ۸۶۹۱۱666 TERMINATION 4/0 00198| 7 4105: 65| 39901, 
| ) ٤أ‎ 8 AF41(608)33618 TERMINATION ۷/0 00140) 7 ۸107: #5| 3990 Ў 
| Да? g ۸۶۱۱60۵8۱3 361 Е TERFINATI CN 9۷۸0۵ 00141] 7 А| 07: 651 399013 
: 189413 8 TERM 50 1436-3 PARTEAL TERM — 57463 ۷/0 00894] 7 А|0% ®5| 3990 
7 17С0891 8 BASIC ОАО AGREE | CENPL TERM-SA 66-14 м/о 00891| 7 aloa: &5 3990 
» : 3 B BASIC ОКО AGREE | PART TERM —$А 65-24 W/O 00893| 7 4108 65] 3990 
: 1£CQas* B MISC SPAKES CCMPL TERM CF 59474 м/о 00895| 7 А|09: %5| 3990 
> 1960322 8 SD 1436-61 PART TERM OF 54840 к/о 00833| 7 allo: №5| 3990 
| 2664884 B TERM SU 145-2 LHANGE. 6-CCD-78 4/0 008841 7 aloo 57| 0 
Ф ۲٣ت‎ ۱9۵ 1 ۰ 
= ч E 13 
۱ ? 
GENERAL DYNAMICS CONVAIR ACTIVE WORK ORDER MASTER LIST ж. 
REPORT NO 5203۸6 = pate 11/17/67 расе NO. 100 E 
% m мо Беін | con | 
Ё TERM 50 145-2 CHANGE 7-ССС-16.19,2060/С 0 00885| 7 ۸ £ 
b ТЕКУ SU 145-2 CHANGE 6-ССС-52 6070 w/0 00892| 7 A 4 
6 TERM Su 145-2 TERMIRATIGN GO/C %/0 00896) 7 A ( 
ë $0 5-5 LOLKHE£D | ENG CHANGE 97-2-5 GD/C W/O 00874| 7 ۵ 5012. 
8 $0 5-5 LOCKHEED | ENG CHANGE 67-2-5 GD/C W70 00875] 7 ۵ он, 
8 50 5-5 LOCKHEED | ENG CHANGE 67-2-6 GO/C ۷/۵ 7 A је ` 
в 50 5-5 LOCKHEED | ENG CHANGE 61-2-7 60/С W/O 00877| 7 A ТЫ 
в 50 5-5 LOCKHEED | ENG CHANGE 6-4C0-073 GO/C я/0 ٦ A 
8 50 5-6 LUCKREED | ENG CHANGE 6-4C0-033 GO/C ч/б 00879] 7 А Ы 
8 505 9 LUCKHEEE ENG CHG 6 400 130 GD/C к/0 218801 7 ^ g 
B 505 9 LUCKHEEE ENG CHG 7 4С0 214 GD/C «/0 21881] 7 A х 
B 505 9 LOCKHEED ENG CHG 7 4CO 256 GD/C н/о 21382} 7. 4 K 
B 505 9 LOCKHEEC ENG CHG 7 4CO 272 GD/C W/0' 21883] 7 A 5 
B 505-9-4LÜCKHEED | ENG CHG 7 4CO 187 GO/C W/O 218841 7 ۸1 
B $05-S9-5LOCKHEED | ENG CHG 7 4С0 200 GO/C W/O 7 A ۳ 
B $05-S-7LOCKHEED | ENG CHG 7 «Сй 243 GD/C W/O 21887| 7 A у | 
в | S05~9-8LOCKHEED | ENG CHG 7 «со 301 GO/C к/0 7 А $ 
Б SG5-S-SLGCKHEEO | ENG CHG 7 4C0 305 GD/C w/O 21889] 7 A ж 
2 SO5-SICLOCKHEED | ENG CHG 7 SCO 344 GD/C w/O 7 A 
8 505-61110СккЕЕ0 | ENG CHG 7 460 2 GD/C W/O 21891 | 7 A 
в SC5-912L0CKHEED | ENG CHG 7 460 365 607 W/O 21892] 7 A 
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B T»IN TECH DATA SERVICE BULLETINS GD/C ۷۸6 00503| E ТА ит 
B DIST SPEED KITS | 340 SPEED SOUND KITS GO/C W/O 00575| 8 A i 
8 MISC СОМ! SALES | Екк CARRIER RESP 60/6 W/O 00592| 8 A i 
B 20۱ 61464 JORN H | MODEL CONST 2VERSION GO/C W/O 00679] В A b 
B AF MISC BILLABL | ITER MIC AP BILLABLE GO/C 5/0 7 ДА i шиг” 
B 50 4-1-428 TERMINATION EFFORT-80EING 1/20 MUD | 8 А bé 
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INTRODUCTION 


САН-1 missiles were launched from the F~102A airplane, USAF S/N 53-1793, 


on the airplane and missile separation and trajectory. This memorandum 
| covers the separation and trajectory phase of the GAR-l missile firings. 


Sixty-one inert unguided missiles were launched from the test airplane, 
| with flight conditions as outlined in Reference (a). 
| SUMMARY 
| The results of this test showed that all of the missiles separated 
| satisfactorily from the aircraft. Missile crossover occurred during 
3 flights, however, rio collision occurred. 
6 All of the missiles were located within a 71 mil radius at motor 
| burnout. The radius was measured from a mean impact point located 


| 
30 mils below and 4 mils to the left of the extended launcher rail axis. | 
| 
| 


The missile dispersion patterns obtained from YF-102A, S/N 53-1788 
and F-102A, S/N 53-1793 showed good correlation. 
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MISSILE CONFIGURATION 


The characteristics of the САН-1 Falcon missile are as follows: 


Length 

Diameter 

Stabilizer span 

Nominal weight (prelaunch) 
Engine 

Fuel 

Nominal thrust and duration 


Guidance system 


Electrical power source 
Control surfaces 
Hydraulic power source 


Control signals 


Warhead type 
Explosive 
Fuse type 


Maximum velocity 


Maximum altitudé 


Launching range 


77.8 inches 
6.4, inches 
20.0 inches 
124 pounds 
Solid propellant rocket engine 
Thiokol synthetic rubber 
4600 pounds for 1.4 seconds 


Semiactive pulse radar and pro- 
portional navigation homing 


Batteries 
Four, one aft of each stabilizer 
Compressed gas 


Steering and damping in pitch and 
yaw and damping in roli 


Blast 


2.75 pounds of HBX-type 
Contact 


1900 fps plus launching aircraft 
Speed 


5,000 to 25,000 feet (function of 
altitude) 
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| 
| . MISSILE CONFIGURATION (cont'd) 
| 
| 


Table I presents the type and serial number of each missile fired during 

the test: program. There were two types of missile fired; DVfs and DVa'!s. > 
The DV is essentially an experimental type missile with no internal 

electronic equipment or warhead, but with engine alignment rings installed. 

The DVa is a production-type unguided test missile. 


DEFINITION OF TERMS 


l. Missile true vertical launching error - Vertical angle between the 


| airplane's launcher rail at missile visual ignition and a line from 
| the launcher rail to the missile 1.4 seconds later. 
l 
| 
| 


2. Missile true horizontal launching error - The corresponding horizontal 
angle to the missile true vertical launching error. 


3. Missile relative vertical launching error ~ Based on the relative 
| distance between the airplane's launcher rail and the missile 1.4 
| seconds after visual ignition of the missile, and is the vertical 
(и angle subtended by the launcher rail and a line from the launcher 
>” rail (relative distance) to the missile. The flight attitude of 
the launcher rail is that prevailing at the time of visual ignition 
and is extended tangentially to the flight path for 1.4 seconds. 


4. Missile relative horizontal launching error - The corresponding 
horizontal angle to the missile relative vertical launching error. 


5. O - Staridard deviation 


INSTRUMENTATION AND TEST PROCEDURE 


Data, conforming to Reference (b), were obtained by means of two 
26-channel СЕС oscillographs operating at 5.4 and 7.2 inches per second; 
a 35 MM camera operating at 7 frames per sécond photographing a 27-hole 
photopanel; Askania cinetheodolities, Mitchell cameras, and a forward 
viewing strike camera. 


Airplane flight conditions were obtained from the oscillograph and photo- 
panel. Missile visual ignition time was obtained from the Mitchell 
cameras; and aircraft and missile positions were obtained from the 
Askania cinetheodolites and strike camera. 
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INSTRUMENTATION AND TEST PROCEDURE (cont'd) 


A left-hand rectangular coordinate system was employed for the position 


data. The origin is the mean sea level projection of the nose of the 
launch aircraft at zero time (first missile visual ignition). The 
XY-plane is perpendicular to the plumb line which passes through the 
origin. The X-axis is positive in the direction of the course of the 
launch aircraft at zero time. The Y-axis is positive 90° clockwise 
from the positive X-axis and the Z-axis is positive upward. 


к 


All position data refer to а zero-wind position. The-zero-wind position 
was obtained by translating and rotating the original position data into 
a coordinate system determined by the motion of the air mass containing 
the launch aircraft and missile. The motion of the air mass was deter- 
mined by Rawinsonde data. 


| 
| 
| 
| 


Тһе accuracy of the position data, determined by the Flight Determination 
Laboratory at Holloman Air Force Base, New Mexico, is 0.0002 times the 
slant range under optimum optical conditions. 


F All position data were reduced by the Flight Determination Laboratory 
at Holloman Air Force Base, New Mexico. 


The missiles were fired by means of a production type UN-120 intervalo- 
meter in the following sequence: 


1. Fire three aft missiles (right and left hand then center 50 
millisconds later). 


2. Fire three forward missiles (right and left hand then center 
50 millisconds later) approximately 1.5 seconds after the aft 
missiles have been fired. 


DISCUSSION 


A summary of the missile firings and launching conditions is presented 
in Table II. This table outlines the data that were available for the 
analysis of missile separation and trajectory. 


Missile and launch airplane relative range at missile motor burnout is 
presented in Table ПТ. The separation distance is the distance from 
the airplane (as determined by extending the flight path at missile 
visual ignition for the distance traveled during 1+4. seconds) . 7, 
to the missile position at 1.4 seconds (missile motor burnout). 
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DISCUSSION (Cont'd) 


Time sequence pictures of initial missile separation, as viewed from the 
airplane's forward viewing strike camera, are presented in Figures la, lb, 
and le. The camera was boresighted 5? down from camera dead ahead position. 
These pictures illustrato a typical 3-salvo missile firing in which separa- 
tion can be considered normal. 


Of the 61 missiles fired during the test program, 15 had position data 
available at missile motor burnout. А dispersion study was made on these 
15 missiles and is presented in Figures да, 2b, and 2c. 


путь ИРОНИИ r OR 


| Figure 2a shows true missile dispersion at 1.4 seconds after missile visual 
| ignition. The mean impact point of the missiles is located 30 mils below 
anc 4 mils to the loft of the extended launcher rail axis. 


Vigure Zb shows missile true dispersion with the coordinate zero located at | | 
оће mean impact point. The purpose of this plot is to show the dispersion | 
when the aiming point is moved 30 mils above and 4 mils to the right of the | 
extended launcher rail axis. With this bias incorporated, and assuming a two- | 

| 


(в diuensional normal distribution, circular case, а 10), 20, and 30 analysis 
^w wes made and showed the following: 


1. 39 percent of the missiles were in a 26 mil radius. 
2. 85 percent of the missiles were in a 45 mil radius. 
3. 99 percent of the missiles were in a 71 nil radius. | | 


Relative dispersion is presented in Figure 2c. This plot shows nissile | 
dispersion, at 1.4 seconds after missile visual ignition, relative to the | 
moving airplane. The airplane's altitude is considered constant for the | 
1.4 seconds of travel. The mean impact point of the missiles is located 37 | 
mils below and 16 mils to left of the launcher rail. | 

| 

| 


Generally the dispersion increased when the airplane's angle of attack 
increased. This is believed to be due to the jump angle which increases 
with angle of attack. 


c) and the one obtained from 8/N 53-1793 is presented in ligure 3. The 
correlation tends to be good with Loth having a probability of 1.0 at a 
radius of approximately 70 rils. The mean impact point of the missiles, at 
motor burnout, for those fired from S/N 53-1793 was 30 mils below and 4 mils 
to the left of the extended launcher rail axis as conpared to 25 mils below 


| | 
А comparison of the probability curves obtained from 8/7 53-1766 (Reference | 
| 
|| 
| 
and 3 mils to the left for those fired from S/R 53-1788. | 
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DISCUSSION (cont'd) 


Trajectory plots are presented in Figures In through 10. These figures 
mined from Askania Cinetheodolite data. Flights 31, 325, 33, 35, 37, 
38, 41, 48 and 51 were not presented due to insufficient position data. 


Analysis of the trajectories showed that missile crossover occurred 
during Flights 46, 47 and 58. During Flight 46 and 58 crossover 
occurred between the right and center aft missiles. During Flight 
17 crossover occurred between the left and center aft missiles. The 
distance between missiles at time of crossover ranged from 50 to 80 
feet. 
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l. Аја, 22, and 3C dispersion analysis showed that 68, 95 and 99 
percent of the missiles were in the corresponding radii of 33, 48 
and 71 mils at missile motor burnout with a bias equal to the 
mean impact point applied. 


The mean impact point was located 30 mils below and ш mils to the 
left of the extended launcher rail axis. 


2. The correlation between the probability curve obtained from 
S/N 53-1788 firings and the one obtained from S/N 53-1793 firings 
was considered good. 


3. Missile collision hazard was considered small at time of missile 
crossover. Тһе relative range between missiles at crossover 
ranged from 50 to 80 feet. 


4. As the airplanets angle of attack increased, the dispersion in- 
creased. This is believed to be due to the jump angle which is 
a function of angle of attack. 


5. All of the missilesseparated satisfactorily from the airplane. 
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ENCLOSURES 

Table I - (EF-8-1793-126) - GAR-1 Missile Serial Numbers 

۱ Table II - (EF-8-1793-125) - Summary of САН-1 Missile Launches 

| Table 111 ~ (EF-8-1793-149) - GAR-l Missile Relative Range at Burnout 


Figure la, lb and lc - (Photographs) - GAR-1 Missile Separation From Air- 
craft As Viewed From Forward Viewing Strike Camera 


Figure 2a = (EF-8-1793-142) - GAR-1 Missile Dispersion at Motor Burnout 
Figure 2b ~ (EF-8-1793-141) - GAR-1 Missile Dispersion at Motor Burnout, 
Revision 1 


Figure 2c - (EF-8-1793-139) - САН-1 Missile Dispersion at Motor Burnout 


Figure 3 - (EF-8-1793-143) - САН-1 Missile Probability Curve at Missile МЕ 
Motor Burnout | 


9 Figure 4 ¬ (EF-8-1793-144) - Missile Trajectory Zero Wind Conditions 
a For Flight 34 | 


Figure 5 ~ (EF-8-1793-145) - Missile Trajectory Zero Wind Conditions 
| For Flight 43 


Figure 6 ~ (EF-8-1793-138) - Missile Trajectory Zero Wind Conditions 
For Flight 44 


Figure 7  - (EF-8-1793-137) - Missile Trajectory Zero Wind Conditions | 
For Flight. 45 | 


ligure 8 - (EF-8-1793-95) - Missile Trajectory Zero, Wind Conditions 
For Flight 46 | 


Figure 9 = (ЕР-8-1793-9,) - Missile Trajectory Zero Wind Conditions 
For Flight 47 


Figure 10  - (EF-8-1793-146) - Missile Trajectory Zero Wind Conditions 
For Flight 58 
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| 2 COST PROPOSAL OUTLINE < SERIAL #515 
I, PROPOSAL RKQUFSTED/ORIGINATED ВТ: AUT 
#16 Cvstomer Наз indicated Interest in the ШХ-1555 interceptor, raged од tho 
Alternate" program deseribed іп Puragraph 7111 of the Gost Proposal Outline 
d dated 8 January {revised 19 January) 1951. Howaver, certain спеатев in tho 
progres have resulted from conversations with Customer repregentatives and a 
further anolvsia by Convair, making ۵ revised vreposal necessary. The following 
outline contains the "Alternate" program with rowisions in red, 0. 
| 11. FOR SUBM TTAL ТО; | " 
Comminding General, Air Materiel Command, МСРР (МОВБОА-4, ) ы 
JII. DATE PROPOSAL 15 ТО BE SUBMITTED: Фо bo 89818 by Gortracts Department 
ХҮ. ТҮРЕ OF BID DESIRED; Pire 
. V. ТУРЕ OF СОНТВАСТ CONTEMPIATED; CEFF on Item 1 = Incentive on Item 2 
` ЖІ. GENERAL DESCRIPTION OF ARTICLES AWD/OR SERVICES; | 


у item te 


Overall Length 


Wing Span 


Maximum Рив elars Height 


Maximum Fuselage Width 


Take-off Gross Weight (approximately) 
Weight Empty (approximately) ` 

СТАС Fabricated Weight’, 
СТАС Pabriested Weight 


21808) years. . 


VII. BASIC ASSUMPTIONS, 


Ae Receipt of go-ahead 1 july 1653' 


Design, construct end teat 910 prototype striposd dom &írpleno and ono | 
, ütetio test article. ; I 


The single place, delta wing airplanes are ag follows; 


22,796 Pounds 
1,765 Pounds | | 
6,650 Pounds {Stripped dou; 


(approximately) 50 1 | ррес ае 
6,900 Pounds (Statics Test) 


ёрргохїлабё1 л) 


Нове: Customer has requested that cost estimates be submitted by 


» 


` ten 2. Manufacture of production airplanes in quantities of 100, 300, 500, end, 
| 1,000, at a rate of tcx, thirty-five, ва) PLPSy دہ ماود کہ‎ ser month, 


8. Bagines (Westinghouse XJhO-WE-10) available August 1951. 
Ço Electronic componenta (forth Awerlatn]) eucrensly evaileble, 


Department « 


> Prototype and 856148 "ont airplanes to be manufactured іп the Brperinentel 
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Engineering Drawings for the prototype airplane will be of production type 


conforming to specifigations MIL-D-5490à and iXL-D-5481. 


Electronic Sguipment (North Amarican) 18 assumed to be a package including 
required antennae (GFP). 


Armament to consist of 2.75" FRAR Roslets: only. 


VIII. DETAIL WORK STATEMEINTs 


Item 2. Design and construct ono (1) stripped dom and ono (1) Statio Tost Airplane ` 


{п accordance with Detail Specification 20-041 and Brochure 2Р-50-10003, except 
as othorviso described herein. Conduct miscellaneous structural, material and 
system tests over and above specific tests listed below, at Contre^tor's discretion. 


Ao Preliminary Design and Mock-up 


SECRET 


(1) Extend preliminary design program including preparation of mock-up 
drawings and construct а full scale mock-up of the airplane consisting 
of the complete fuselage and vertical stabilizer and one-half of the 


(2) 


wing e 


Conduct wind tunnel test prozram of the basic configuration as followe: 


(a) 


(b) 


(e) 


Low speed wind tunnel program in CVAL 8 x 12% wind tunnel. 


А low speed wind tunnel program will be conducted in the Convair- 
8' x 12° wind tunnel in order to avaluete subsonic stability and 
control characteristics and to arrive at refinements in overall 
6993 о £ : 

The low speed characteristioe of the inlet will also be evaluated 


e 


.vtiliging this model. 


High speed wind tunnel program in Cooperative wind tunnel. 


A wind tunnel program directed toward evaluating stability and 
control characteristics over the complete subsonic range (approaching 
tunnel choking Mach numbers of 0.97) would be carried out in the 
Southern California Cooperative Wind Tumnel. In this facility the 
aerodynamic characteristics of the МХ-155), at Nach number of 1.20 
would also be evaluated utilizing the existing 1.20 Mach liner. 
The inlet end duct characteristics would also be evaluated over. 
the complete subsonic range and at Mach 1.20 in order to insure 
that an overall optimum inlet design would be incorporated in 
MK~-1554. Pressure distributions over important eomponents would 
algo be measured throughout the Mach range of the facility. 


Supersonic tect program in WACA 6! x 6? tunnel at Ames Aeronautical 
laboratory. 


mme — ——— eMe А Te 
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A supersonic wind tunnel program of the MX-155l, utilizing the 

same model as that for Item (b) would be conducted in the NACA 

6* x 6" supersonic tunnel at Moffett Field. Drag, stability and 
control end inlet characteristics would be evaluated from Mach 1.25 
to 2,00, Pressure distributions over important components would 
also be determined. š 


(d) Spin test program in WACA spin tunnel. 


A dynamically similar model of the 4-155) would be designod, 
constructed and tested by NACA im order to evaluate spin and spin 
recovery characteristics. The test would be conducted by joint 
collaboration between NACA and CVAC and any deficiencies in 
recovery characteristics would he corrected. 


(e) Free flight test orogram in NACA Free Flight Tunnel. 


A dynamically similar model of the MX-155h would be designed, 
constructed and tested in the NACA free flight wind tunnel in 
order to svaluate dynamic flight behavior of the airplane. 


(f) Free flight program at WACA, Wallops Island. 


Three rocket propelled models would be constructed by CVAC and 
tested by the NACA at Wallops Island. Two of the models would be 
tested to determine drag from Mach 0.7 to 1.4) at zoro lift and at 
angle of attack (similar to that accomplished by Model Mo. 6 of 
the MX-813 rocket model serios), and the third would be tested to 
evaluate longitudinal stability and control cheracteristiés from 
Mach 0.7 to 1-4. 


Be Design, Construction and Testing 


(1) Design and drafting including technical activity not specifically set 
г forth аз separato items. 


(2) Tooling, fabrication and assembly of one stripped down flight article, 
and ono statio test article. Plight article to be equipped with the 


Westinghouse XJhO-WE-10 engine. Provide engineering liaison and 
maintenance during the construction period. 


(3) Provide required technical data ond reports. 


(h) Design, construct end test power plant installation on an engine 
test stand. 


(5) Design, construct and test full scale mock-up of hydraulic surface 
control. system. 


(6) Conduct otatic trate in accordance vith AAF Soceifieation 1803594, 


(7) Provide Pilot’s familiarization Menual similar to that supplied for 
Model XP5Y-1. | 


| 
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C. Flight Testing and Instrumentation 


Item 2. 


(1) 


(2) 


Provide complete flight test instrumentation on the Prototype (Stripped 
down) Airplane only. 


Conduct flight teat program including necessary ground testing, shake- 
down flights and flight testing at Edwards Air Force Base for a 
period of oe (1) year. Provide engineering liaison and maintenance 
and shop maintenance during flight test period. 


Plight testing of tactioal equipment to be conducted on first production 
airplanes 


Construction of production airplanes in quantities of 100 at rate of 

1Ofemth, 300 at 35/nonth, 500 at 50/пог в, and 1,000 at 50/month. 

Design апа drafting in connection with incorporation of corrections, 

dictated by structural proof testing and flight testing, in tho 

production release shall not be included 0710 those itema are to be | 
the subject of futuro negotiations. Provisions shall also be made | 
for preparation of handbooks and engineering liaison and maintenance 

during the production period. (Instructions relating to the preparation 

and submittal of estimates for Item 2 are contained in Appendix IV of 

AMC Letter MCREOA-,/TRR/bmm dated 1 September 1950.) 


A. One Hundred airplanes at a maximum rate of tat а month. 
В, Thres hundred airplanes at a maximum rate of thirty-five a month. 
C, Piso hundred airplanes at a maximum rato of fifty а month. 


D, Одо thousand airplanes at а meximum rate of fifty г month. 


YX, TYPE OF ENGINEERING PROPOSED: 


Ас. Prototype Airplane Program 


Bo 
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(2) 
(5) 


(1) 
(2) 
(3) 


Production type drawings conforming to Specifications И-Р-5ЦВОА and 
I be D-51501. | 

#4 шиш lofting required for azperimental tooling prepared and 
maintained for later use in connection with production tooling. 
Pilot's Familiari zation Manual similar to that propared for Model 
AP5Y-l. 


(h) ‘Technical data and reports as required. 


Production Program 


(1) 


3 
(4) 


Une prototype drawings 

Lofting as required for production tooling. 

Сопрјеће handbools. А 

2971 за technioal да а and reports prepared for prototype airplanes ав 
required. 


* 


CONVAIR, SD (б Q 8 January 1951 
SECRET | | | ۱ i Revised 22 Гау 1051 
X. ТҮРЕ OF TOOLING PROPOSED: 


А. Minimum experimental tooling for prototype 004 static test ۰ء‎ 


Bo Production departments to conduct production program. | 
XI. ТҮРЕ OF MANUFACTURE PROPOSED; | 

Ae ола Factory to construct prototype спа statio test articles. 
B. Production departments to conduct production program. 

XII, TYPE OF FLIGHT PROGRAM PROPOSED: 
“То be determined by the Flight Department. 

KITI, DELIVERY AND SHIPPING INSTRUCTIONS: 
To be determined m Department. 


XIV, MAJOR PURCHASED. ITEMS REQUIRED: Reference Detail Specification 20-011, excapt 
588 amen here 


XV. CAPITAL FACILITIES REQUIRED; 


Ao Мо requirement for additional capital facilities can бө foreseen for the 
prototype airplane program. 

В. Plant Engineering shall supply the list of additional capital facilities 
which may be required for the production program, 


XVI, PROPOSED PROGRAM SCHEDULE: 


A. ‘he proposed schedule shown on attached chart for the basic program was set 
up to accomplish the followings 


(1) Early start of flight testing for aercdynamic evaluation of the airplane. 
` (19 months after go-ahead, ground testing completed.) 
(2) Completion of atetio testing on the stetic tust article early аз 
. possible to permit rapid lifting of flight restrictions (27 months). 
(3) Completion of engineering release for production in time to permit 
delivery of production airplanes starting 25 months after go-ahead. 


XVII, APPLICABLE.SPECIFICATIONS OR DESCRIPTIVE DATA AVAILABLE FOR ESTIMATING PURPOSES: 
Brochure 2Р-50-10005, Specification 20-О)1 arsept as anmended heroin... 
НОТЕ»: The above are currently being completed by the Preliminary Design Group 
of the Engineering Department. 
XVIII. IENGINFERINS COORDINATOR ASSIGNED: Сб A. Mohr PHONE NO. 1002 
XIX. SCHEDULE FOR تا 77ھ002‎ ESTIMATES AND DATA ТО ВЕ SUBMITTED TO CONTRACTS 


DEPARTHENT (То be ets Department or arrived at in proposal 
meeting). 


Prepared by: 
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COST PROPOSAL OUTLINE - SERIAL 451-35 


І. PROPOSAL 17972770/0 70 BY: АШ 


the Custoner has indicated interest іп the MX-155h Interceptor, "авед on the 
"Alternate" program described in Paragraph VITI of the Cost Proposal Outline 
dated 8 January (revised 19 January} 1951. However, certain chanzas in tho 
program have resulted from conversationa with Customer representatives and a 
further analysis by Convair, making & revised vrenosal necessary. The following 
| outline contains the “Alternate” program with revisions in red, 


Ц. FOR SUBM'TTAL TOs 


Commanding General, Air Materiel Command, МОРР (MCREOA-) 


| 
| III. DATE PROPOSAL IS TO BE SUBMITTED: To be determined by Contrects Department 
| | 
| 
| V. TYPE OF CONTRACT CONTEMPLATED: CPFF on Item 1 = Incentive on Item Р 


GENERAL DESCRIPTION OF ARTICLES. AND/OR SERVICES: 


Item 1. Design, construct and test спо prototype stripped down airplane end one 
‚ statio test article. 


У. ТҮРЕ ОР BID DESIRED; Firm 
The single place, delta wing airplanes are вв followss 


| Overall Length цо: 2" 


Wing Span | | 381 9" 
Maximum Fuselage ۹ i 6* o" 
Maximum Fuselage Width 6" 2" 
fake-off Grose Weight (approximately ) 22,796 Pounds 
Weight Enpty (approximately) 14,765 Pounds 


СУАС Fabricated Neight (approximately 6,500 Pourdg (Static Test) 


Noto: Customer has requested that cost estimates bo submitted by 
fiscal years, 


Iten 2. Manufacture of production airplanes in quantities of 100, 300, 500, end 
1,000, at a rato of ten, thirty-five, end fifty вігр1епен ver month. 


VII. BASIC ASSUMPTIONS: 


A. Receipt of go-ahead 1 July 1951 

В. Engines (Westinghouse XdlO-WE-10) available August 1951. 

С. Eleetronio componente (Forth American) currently availeble. 

9. Prototype and Static Test airplanes to bo manufactured in the Experimental 
Department. | 


CVAC Fabricated Weight 70۳0 6,650 Pounds (Stripped dow) 
x 
| 
| 


| 
| 
| 
! 
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E. Engineering Drawings for the prototype airplane will be of production typo 
conforming to specifiéations BT L-D=51,808 өнд AXL-D-5581. 


Е. Electronic Ecuipment (North American) 48 assumed to be а package including 
required antennae (GFP). ' | 


Ga Armament to consist of 2.75" FFAR Roekets only. 
VIII. DETAIL WORK STATEMENT. 


Item 1. Design and construct ono (1) stripped dom and ono (1) Statio Test Airplane 
In accordance with Detail Specification 20-041 and Brochure ZP-50-10003, except 
ов othervias described herein. Conduct miscellaneous structural, material and 
system teste over and above specific tests listed below, at Contractor's discretion. 


Ас Preliminary Design and Mock-up 


(1) Extend proliminary design program including preparation of mock-up 
drawings and construct a full scale mock-up of the airplane consisting 
of the complete fuselage and vertical stabilizer and one-half of the 


wing о 
(2) Conduct wind tunnel test program of the basic configuration as follows: 
(a) Low speed wind tunnel program in CVAL 8' x 12° wind tunnel. 


А low арсәй wind tunnel program will be conducted in the Convair 
8% x 12° wind tunnel in order to evaluate subsonic stability end 
control characteristics and to arrive at refinements in overall 
designe 


Tho low speod characteristics of the iniet will also be evaluated 
utiliging this model. 


(b) High speed wind tunnel program in Cooperative wind tunnel. 


А wind tunnel program directed toward evaluating stability and 
control characteristics over the complete subsonic range (approaching 
tunnel choking Mach numbers of 0.97) would be carried out in the 
Southern California Cooperative Wind Типо], In this facility tho 
aeredynamic characteristics of the MX-155l at Mach number of 1.20 
would also be evaluated utilizing the existing 1.20 Mach liner. 
The inlet and duct characteristics would also be evaluated over 
the complete subsonic range and at Mach 1.20 in order to insure 
that an overall optimum inlet design would be incorporated in 
MX~-2554. Pressure distributions over important components would 
also bo measured throughout tho Mach range of the facility. 


(c) Supersonic test program in МАСА 6° x 6° tunnel at Ames Aeronautical 
Laboratory o 
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A supersonic wind tunnel program of the MX-155l. utilizing the 

same model as that for Item (b) would be conducted in the NACA 

6۱ x 6° supersonic tunnel at Moffett Field, Drag, stability and 
control and inlet characteristics would be evaluated from Mach 1.25 
to 2.00. Pressure distributions over important components would 
also be detorminod. 


(d) Spin test program in WACA spin tunnel. 


A dynamically similar model of the MX-155À would be designed, 
constructed and tested by NACA in ordor to evaluate spin and spin 
recovery characteristics. The test would be conducted by joint 
collaboration between NACA and CVAC and any deficiencies in 
recovery characteristics would be corrected. 


(e) Free flight test orogram in NACA Free Flight Tunnel. 


A dynamically similar model of the МХ-155 would be designed, 
conetructed end tested in the NACA free flight wind tunnel in 
order to evaluate dynamic flight behavior of the airplane. 


(е) Free flight program at НАСА, Wallops Island. 


Throo rocket propelled models would be constructed by СТАС and 
tested by tho NACA at Wallops Island. Two of the models would be 
tested to determine drag from Mach 0.7 to 1.44 at zero 117% and at 
angle of attack (similar to that accomplished by Model No. 6 of 
the MX-813 rocket model serios); end the third would be tested to 
evaluate longitudinal stability end control charecteristiésa from 
Mach 0.7 to lolio 


Bo Design, Construction and Testing 


(1) 


(2) 


(3) 
(4) 


(5) 


(6) 
(7) 
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Design and drafting including technical activity not specifically set 
forth ag верагаћо items. 


Tooling, fabrication and assembly of one stripped down flight article, 
and ono static test article. Flight article to be equipped with the 
Westinghouse XJh0-WE-10 engine. Provide engineering liaison and 
maintenance during the conatruction period. 


Provide required technical data nnd reports. 


Design, construct and test power plant 'ngtallation on an engine 
test stand. 


Design, construct and test full soale mock-up of hydraulic surface 
control systeme 


Conduct 06645310 testa in accordance with AAF Specification $1802-94. 


Provide Pilot's Femiliarlzation Manual similar to that supplied for 
Model XP5Y-1. 


Ф 
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С. Flight Testing and Instrumentation 


(1) Provide complete flight test instrumentation on the Prototype (Stripped 
down) Airplane only. 


(2) Conduct flight test program including necessary ground testing, shakes 
down flights and flight testing at Edwards Air Force Base for a 
period of one (1) year. Provide engineering liaison and maintenance 
end shop maintenance during flight test poriod. 


Flight testing of tactical eculpment to be conducted on first production 
airplane. 


Iten 2. Conetruction of production airplanes in quantities of 100 at rete of 

— 1O/mmth, 300 at 35/month; 500 at 50/month, and 1,000 at 50/month. 
Design end drafting in connection with incorporation of corrections, 
dictated by structural proof testing and flight testing, in the 
production release shall not be included sinos thero items are to be 
the subject of futuro negotiations. Provisions shall also be made 
for preparation of handbooks and engineering liaison and maintenance 
during the production period. (Instructions relating to the preparation 
and submittal of estimates for Item 2 are contained in Appendix IV of 
AMC Lotter MCREOA-,AVRR/omm dated 1 September 1950.) 


A. One Hund-od airplanes at a maximum rate of Сеп а monthe 
В. Three hundred airplenes at a maximum rate of thirty-five а month. 
С. Pave hundred airplansa at a maximum rate of fifty a manth, 
: Бо Опо thousend airplanes at a m rate of fifty s. month. 
YX. ТҮРЕ ОР ENGINEERING PROPOSED: 
А. Prototype Airplane Program 


(1) Production type drawings conforming to Specifications MIL-D-5580& and 
I oD-5h91 + 

(2) идиш lofting required for experimental tooling prepared and 
maintained for later use in connection with production tooling. 

(3) 2110618 Familiarization Manual similar to that prepared for Model 
AP5Y-l. 

(L) echnical data and reporta as required. 


В. Produstion Program 


(1) Une prototype drawings 

(2) Lofting as required for production tooling. 

(2) Complete handbooks. | 

lj) Revise teohnioal data and reports prepared for prototype airplanes as 
reqni red o 


* 
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Ko TYPE OF TOOLING PROPOSED; 
A. Minimum experimental tooling for prototype end static test artivles. 
Bo Production departments to conduct production program. 
ХІ. ТҮРЕ OF MANUFACTURE PROPOSED: | 
A. Experimental Factory to construct prototype спа atatio test articles. 
B. Production departments to conduct production program. | 
Хїї, TYPE OF FLIGHT PROGRAM PROPOSED; 
To be determined by the Flight Department. 


XIII, SHIPPING INSTRUCTIONS: 


To be determined by Contracts Department. 


XIV. MAJOR PURCHASED ITEMS REQUIRED: Reference Detail Specification ZD-Ohl, except 
ап ames 8 ۳۵11 о 


XV. CAPITAL FACILITIES REQUIRED: 


Ae Но requirement for additional capital facilities can be foreseen for the 
prototype airplane program. 

Bo Plant Engineering shall supply the list of additional capital facilities 
which may be required for tho production program. 


XVI, PROPOSED PROGRAM SCHEDULE: 


А. The proposed schedule shown on attached chart for the basic program was set 
up to accomplish tho following: 


(1) Early start of flight testing for aerodynamic evaluation of the airplane. 
(19 months after go-ahead, ground testing conpleted.) 

(2) Completion of static testing on the 886519 105% article early as 
possible to permit rapid lifting of flight rostriotions (27 months). 

(3) Completion of engineering release for production in time to permit 
delivery of production airplanes Starting 25 months after go-ahead. 


XVII. APPLICABLE SPECIFICATIONS OR DESCRIPTIVE DATA AVAILABLE FOR ESTIMATING PURPOSES: 
Brochure ZP-50-10005, Specification 20-011 creept as anmended herein. 
NOTE: Tho above are currently being completed by the Preliminary Design Group 
of the Engineering Department. ? 
XVIII. ENGINEERING COORDINATOR ASSIGNED; С. А. Mohr PHONE МО. 1002 


XIX. SCHEDULE FOR DEPARTMENTAL COST ESTIMATES AND DATA TO BE SUBMITTED TO CONTRACTS 
DEPARTHENT (To be guppiied by Contracts Department оғ arrived at in proposal . 


Meeting (۰ 


Prepared bys 


ENGINEERING PLANNING AND ۳۵ 


ө 
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I. PROPOSAL REQUFSTED/ORIGIWATUD BY, iim 


‘The Custcver hes Sndteatud intereat іл tho REISS intercentor, caged on the 
Alternate" prey ran desertbed ia тестера РОС o^ the cet Provesal Cutline 
36504 3 Јепчагх (revised i9 Jannu 051. Boversr, 004446 ekim ree ің the 
огоргаш heva resultsd Фрол convarsutiong with Cagromor - sp'egenzativosa зна a 
Tuwrther annlysin бу Convair, makines a revised 2700038? у ковазатт, The Following 
эю ле ecntairg the "АЛФоглала” program with ravisiong іп rec. 


II. РОК SURM TTAL TO, 
Comu2uding General, Air Маро в? Command, ۳ (MCREOA 4l; ) 
TII. DATE PROPOSAL IS TO BE SUBMITTED; "c ne 1ء نوماه‎ by نت‎ tracts Rena rt rent 
ҮҮ. TYPE OP BID DESIMED, Firm 
Vo ТҮРЕ OF CONTRACT CONTEMPLATYDs СРРР on Item 1 + Incentive on item 2 
VI. GENERAL DESCRIPTION OP ARTICLES AND/OR SERVICES; 


item i. Design, зоп ند‎ and test саз prototype mirlosg] down ci раст and me 
Stato tost article. 


The single placé, delta wing airplanes are as follows: 


Overall Length hog’ да 
Wing Span, ۲ : 58 9 9" 
Hex iie Puseloge Height 6: 2" 
^ Maximum Fuselage Width 6+ 2n 
ТаКв-о?? Grosa Weight (approximetely) | 22,796 Pounds 
Weight Empty (approximately) | 14,765 Pounds | 
СТАС Fabricated Пори (avproxdmat oly) 6,650 Pounds (Striuped dear j 
ғ CUAC Tehricat ви Весне رتا اج ریت‎ ) „200 Peunds (Statio Төв!) 


Notes Cüstonor hen requested that cost estimates be submitted by 
118083 vera, 


tea 2. Manufacture of production airplenes in quentition of 100, 270, 90€. вай 
1 1,000, eat a rete of ов, talrty five, end “Per مان زو‎ aa рег arth a 


VII, BASIC ASSUMPTICS ©? 


Au Receipt of go-ahead Y July 2051 

Be Engines (Westinghouse Х.Ц0-488-10) available August 1951. 

^. Electronic componente (| orth Araz зап) ane: Сіз в 18319, 

US Prototype 972 Static Taat airplanes to be munufactured in the Experimental 
` Department. 


9 وت 
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Eaginesring Drawings. fortan, ‘prototype арш ا‎ produétion type 
eonforming to spocii Pr وی وق‎ at ae) GO mp ERE pe hes > | 


ғ. fBleotrooie Yarimmeant (Worth دم میا‎ j da asaumed to Бо а package 15618 
required antennae (GFP), 


Ga Атто to sonsist 05 2.76" PRAT Roeskets oni. 


| VIII, DETAIL WORK STATEN Ta 


irem l. Design 800 construct one (1) stripped dum and uit (1) 52163 Test Airplene 
Xx accordance with Detail Specifleation ZD-Oli end Brochure ZP-50-10003, except 
epo XAcPULTO caseribed hersin. Conduct misocolianeous etructural, material and 
i tes testa стег рпа shove apecific vests listed below, nt Contra~tor's discretion, 


A. Prelininsry Design and Mook-up 
(1) Extend preliminary design program including preparation of mock-up 
drewings and construct з foll scale mock-up of the airplena consisting 
| of the complete fuselags end vertical stabilizer and one-half of the 
WINE o 
(2) Conduct wind tunnel test proram of the tezic configuration as follows: 


(а) Low speed wind tunnel program is СУАТ, 8! x 12° wind tuned. 


А low speed wind tunnel program will be conducted in the Convair 


, B' x 19? wind tunnel in order to evgelu&te subsonic stability end 
emtrol chajacteristica and to arrira at refinements in overail 
0281 o- 


The Тот apced characteristice of the inlet will also be evaluated 
utiliging this modei. 


бә) High ярөөд wind tvanel program in Cooperative wind tunnel. 


А wind tunnel program dirocted toward evaluating stability and 
control characteristics over the complete subsonic range (approaching 
tunnel choking Hach numbers of 0,97) would be carried cut in the 
Š Southern California Cooperative Wind Tunnel. In this facility the 
A aerodynamic characteristics of the МХ-155| at Hach number of 1.20 
would also be evaluated utilizing the existing 2.20 Mach liner, 
The inlet end duct characterlstias would also bs evalueted over 
the complete subsonic range and at Mach 1.20 in order to insure 
that an overall optimum inlet design would be incorporetod in 
MX - 355. Ргосзаге distributions over important components would 
ailes be mensured throughout the ich range of the faollity. 


(г) Supersonic test program in НАСА 6! x 6۱ tuznel at Ames Aeronautical 
inboratoery, | 


СЪСРЕТ 


чаъ а ања 
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6۱ x ee ی‎ акне tunneà &t Yor et Pield, pos мине and 
control and inlet characteristics would be evaluated from iach 1.25 
to 2.00. Pressure distributions over important components wouid 
also be determined و‎ 


(d) Spin test program in NACA spin tunnel. - 


А dynamically similar modei of the HMX-155l, would be designed, 
ocustrueted and tested by НАСА іп oréer to evaluats spin and spin 
rooovery characteristics. The test would ho conducted by joint 
collaboration وت‎ НАСА and СУАС and any deficiancies in 
recovery characteristics would he corrected. 


(ә) Free flight test orogram in МАСА Free Flight Tunrel. 


А dynemically asimiler мойе} of the MX -155l, would be designed, 
conatructed and tested in the МАСА free Hlight vind tuunel in 
order to evaluate dynamic flight behavior of the airplene. 


(f) Free flight program at NACA, Wallops Island. 


Three rocket propelled models would bo constructed by СУАС and 
tested by the НАСА at Wallops Isiands Two of the models would be 
tested to determine drag from Mech 0.7 to 1.1 аз zero Lift end at 
angle of attact (similar to that accomplished by Model Но. 6 of 
the NK-813 rocket model series), sud the third would be tested to 
evaluate longitudinal stability and control characteristiésa from 
Mach 0.7 to l.h. 


B, Design, Congtruction and Tasting 


(1) Design end drafting including teohnicnl activity not specifically aet 
forth as separates items. 


(2) Tooling, fabrication end assembly of me stripped dotm flight artiole, 
eng саз :tstio test 82411319. Кото a:tiele to be equipped with the 
Westinghouse XJ0-WE-10 engine, Provide engineering liaison and 
maintenance during the construction period, 


(3) Provide required technical data and reporta. 


(L) Design, construct вай test ротэг plant ‘ustalletion on an engine 
“eet stande 


(5) Design, construct end test full scale mock-up of hydraulic surface 
control system. 


(6) Conduct stenic tashe im ассотбасле stb РАЈУ бот (Тр и ا که کر‎ a 


f 


(7) Provida Pilot's Feniliarlgation Mmusi siw lar to that suppíied for 
Eod 21 APS Td e 


SECRET 


4% a дағы. .جات‎ 


—a ^ - 22 

Ч ET 

Е: 4% 
з 


۴ ؟‎ SX BORTAIR, SD ES ё Ü January 1951 
| ` SECRET ۳ 2+ вий 2 Мау 1953 
Page Д 


с, Flight Testing andGistramatation.. Q e 


(1) Provide complete 211 cht test inatrumartetion on the Prototypes (Stripped 
down) Airplane only. 


(2) Conduct Plight test progranm including пос essary ground tosting, shakes 
down flights and flight testing et Fawards Air Farce Base for.& 
period of one (1) year. Provide engineering liaison ead maintengnce 
end shop maintenance duriag Plight tast period. 


“~ 


tenting of 144013 0531 ادف‎ ent ke be ары losen се Shand OFC ORO 


Tten 2. Gonstruction of production airplanes iz quantities 27 ICO wi гето o? 
Seren МА at то or. th, 500 вл ВОРА, eno 1,014 کے‎ ZO ^s the 
Design sud drafting in connection with incorporution of corrections, 
diotated by structural proof testing and flight testing, in the 
production release shall nas be includad sinan Ning 15002 tre te bg 
sha ку ан af Future <۱ 2167+ Provisions shell also le mads 

for preparation of handbooks and engtaeoring lisison and mainterence 
during the production period. (instructions relating to the preparation 
md subnittal of estimates lor Item & tre contained in Appendix IV of 
REC Letter MCREOA-h/FRR/bmm dated 1 September 1950.) 


д, дат Pond-ed airplanes at a maximum rate of >n а months 


В. Tero wmdred airplanes at e maximua rate of thirty شس‎ а month. 


С. Пете hundred eirplancs at 8 maximum rate of 212 tr а nonthe 


92 база thovamid скала сх п Cep. БЕЛЕ ac CER G oris 
“ХХ, TYPE OF ENGINEERING. PROPOSED: 
ми cii Аа прак "o ват erum aan rei SER. MI اکا‎ ELI ویو ا‎ ARABI a E CC A 
ь 


А. Frotorype Airplane Program 


(1) Production type drawinge conforming to Spesifications í ARS Be aad 
۰ 4XL И ӨЗ. 
(2) minimun Yofting required for experimental toolirg prepared and 
dainthined for leter use іп connection with proinotion tooling» 
(3) Pilot's Femilieri ation Hanvel similer зо that preperec for Модэ). 
я “ХАР5Ч-1. 
(Ц) Technical data and reports ав required . 
ва Prodistion. Program 
- Пав prototype drawings 
Lofting ag required for production کو وی‎ E. 
Complete nendbaoke. 
Revise {орай заў) data end reports ргерьгей Por огезокуге airplanes 8 
regui red e 
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Ko TYPE OF TOOLING PROPOSED: 
А. Minimum experimental tooling for prototype 926 ےڈا‎ teat artiszies. 
B. Production departments to conduct production program. 
XI, ТҮРЕ OF MANUFACTURE PROFOSEDs 
А. Experimental Factory to construct prototype end stacio test ¢rticiag- 
8. Production departments ta conduct production programe 
Хїї. ТҮРЕ OF FLIGHT PROGRAM PROPOSED: 
To be determined by the Flight Department. 
ҮІТІ, DELIVERY AND SHIPPING INSTRUCTIONS 3 
fo be determined by Contracts Department. 


AIV, MAJOR PURCHASED ITEMS REQUIRED: Referenco Dotsíl Specification 20-041, гизеоб 
10 xmono«d Петел. 


КЧ» CAPITAL FACILITIES REQUIRED: 


Ас Жо roquirement for additional capital facilities can be forosecen for the 
prototype airplane program. 

В. Plant Engineering shall supply the 1166 of additional capital facilities 
which may be required for the production program, 


AVI, PROPOSED PROGRAM SCHEDULE: 


Ao The proposed schedule shown on attached chart for the basic program was set 
up to accomplish the following: 


(1) Early stert of flight testing for aerodyaamle evaluation of the airplane. 
(19 months after go-ahead, ground testing conpleted.) 
(2) Completion of ctetis teating on the titie trae articin early as 
- possible to permit rapid lifting of flight rostrictions 177 mmths). 
(1) Completion of engineering release for production in time to permit 
delivery of production airplanes stertin: 25 w oaths ator دوچ‎ chor. 


XVII, APPLICABLE SPECIFICATIONS OR DESCRIPTIVE DATA AVAILABLE FOR ESTIMATING PURPOSES: 
Brochure ZP-50-10003, Specification 20-011 mtesi ag avr endeu herein, 
NOTE: The above are currently being completed by the Preliminary Design Group 
of the Engineering Department. 
XVIII, ENGINEERING COORDINATOR ASSIGIEOs; Со А, Mohr PHONE чо. 1002 


ХІХ. SCHEDULE FOR DEPARTMENTAL COST БОҮТМАТЕЗ AND DATA ТО BE SUBMITTED TO CONTRACTS 
DEPART (To bo eupplied Бу y Contracts Departmani or arrived at in propossi 


meeting). 
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Commanding белере1, Air Materiel Command, MCPP !/MIREOA-) | 
| 
TII. DATE PROPOSAL IS 20 RE SUBMITTED: ^. DET کا‎ T یی‎ ЛЫ و‎ wasan | 
о IT. TYPE OP BID DESIRED, Ui ر‎ — ИР ала Жез i ہس ا‎ tnt | 
V. TYPE ОР CONTRACT 2007 THETA Г Фа CEFF са Iten 1 + incentive ou Item 2. | 
Vio GENERAL DESCRIPTION OF ARTICLES AND/OR SERVICUS; | 
E item I Cc sonatruct and teot әс. prototyoo 2 vla "Pale 8 Men, | 
лее Съм جات‎ Ga aan На 282, ta e, aod | Е" 
Tit 38ح‎ 45 place, delta wing airplanes تہ‎ ap “211088: - ` 
Света 2 acth е Oe | | 
Wing dcm 2559 дбн | | 
Karimun Pusolape Не نس‎ с“ 
Maxima Fuselage wath | >< id o* g^ a 
Take-cf2 Gross Weight Гарат та ачу 29,195 Pounds дь | 
Нәзеле Empty (t.pproxipaeti Г) ПБ Pc аде ГИ | 
evic Fabricated дез) t фалороліӛіна Ду) 5,550 Ports, slt bue کپ تج‎ | 
4 CELA ат: MUN ESE 9> DE . RE Руа Pop ار‎ 


item 8. Manufactura 2. an af 7018098 Пд 
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VII. BASIC ASSUMPTIGS 
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Ч, Eaginesring Drawings for the prototypo a plane will os of production typo 
поп: forming to specifi Бад: „сав IL- фа ок им 6^ n n opie ~ Te 
ТЭЭ e- Рубин) 


ж, Прве ал gCaulteugis eee nd کا‎ азаптед to ta е. package including 
required antennae ( GFP), 


š ۲ $. Я akan aD з вита 
Га, Уб бе song? $ af 2245 


та ° 
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“ta. DETAIL WORK STATEMENT s : 


Them Та Design snd construe: ono (1) stripped болан 

Та 26567605 شی دہ‎ Dot&il Specificetion 20-01 and Вос ss 22-50-88 

Ера БТА за هدع ڈ‎ асгар, Conduct miaceliensous 81 "actural, material and 

Те про 1с tests listed below, at Contractors discretion. 
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(3) m prerii f program including preparetion of mock-up 

drawings xod ЁЧ: = кана сеар of the eirpzene consisting 
ok she wei Lote 9 end wort tical и өк and one-half of the 
FINE o 


E, Ж > Conduct wind tunnel test prc gram of the basie configuration as, follows s 
(+) Тог speed wind tumel program iu CUA% 8% x 197 wind bumato 


А sow speed тай tunnel program will be conducted in the Convair 

| xy 19? wind сие ir orósr to evaluate лер stability end 
сса то? characteristics and to arrive at riofinemenss in overall 
desig о 


Tho loy 8рвэд cheractorisuies of the inlet wilt also be 0 
vtili;ing this model. 


(4) High зөрөөд wind tunnel program Зи Cooperative vind tuanel. 


! 
۱ 
wind tunnel program directed ۵ evaluating scebility and 
у jd e ch&z2&cteristies over tho conslete subsonic range (вррхоаси ас 
P tunnei choicing Mach numbers of 0.97 ) would be свет за out ій the 
Southern Uniifornia Cooporative lind Tunnel. іп this facility the 
aerodynamic ehara&ctoristios of the XX-155h at Наоћ zumber of 1.20 
would also: be gwiluated utilizing the exisiing 1.20 Mach liner. 
та inlet end duct cheractsristiss would 8180 be 898106: وہ‎ over 
the complets subsonle "enge and at Hach 4970 in order to 18186 
that an overall اوه‎ inies design would ba incor por&tod in 
Hh-1585h.  fressure disuribotione cver importert comonents would 
aise be memaured throughout the Hach range of the facility. Á 
(3) Supersonic test progr іп PACA 6? x 6? turns) at iros Aeronautical 
| Laboratarys 
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te 2.00. Fresawe distributions -ver important conronmits wold 
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Provide complete fiicht test instrumeatütion са thé Prototype (Stripped 
dam) Airplene only. 
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CONVAIR i Serial 451-3 
s Өр Log # با‎ 
| ۵ 2 2 
Dates 28 May 1951 | 
Тоз Je Ge Zevely 


| Subjects | MX-155h Interceptor Fighter Aircraft = Revised Exporinental 
Program e Estimated Costs of 


References (в) Memo 7, W, Fink to J, 0. Zovoly, dated 25 January 1951 | 
b) Cost Proposal Outline, Serial 451-5, datea В January 1951, 
as revised 22 May 1951 | 
(о) Memo 7. W. Fink to 4, 9, Zevely, datod با‎ Му 1951 


1. ће following is submitted in ocnfirwation of the verbal information 
supplied to Mr, С. 1, Meador of the Contracts Department, on 25 Hay 1951, 
relative to the subject program. | 


г. ‘The total combined estimated coste for Pngincering and Experimmtsl 
Factory, ав submitted in Reference (а) for tho alternate program, are 

considered adequate for the revised program as outlined in Reference (b), 

Item 1, whioh covers the design, construction and testing of one proto- 

type stripped down airplane and one static test article. The program ` 

changes are such that reduction іп Experimental Factory 00858 are offéet TFT 
by dnoreased Engineering requirenmts. 


ЫГ Program changes &ro essentially as follows; 


(в) A statio test article is to be produced in the Experimental 

| program in lieu of one tactical airplane. | 

(b) Static tests in accordance with Spscificstion #1803-9A are 
to be conducted in lieu of structural proof testing. 

(о) the interim engine (XJLO-WE-10) 18 to be used in the Experimental 
program and also on the first airplanes of the production 
program with епу change to the engines to bo the subject of 
separate negotiations | 

(а) The first airplane of the production program. becomes the 
prototype tactical airplane and will be used for all flight 
testing proviously contemplated for the tactical airplane now 
deleted from the Experimental program. Горіпесріпв labor for 
liaison and drawing mainteence during this flight tosting 
is included in the estimate submitted, but Experimmtal Factory 
mainte@iance hag been deleted since this function on the first 
production airplane 10 caneidered to be the responsibility of 
the Field Operntiong Department. | 


1, Éetimated Engineering costs іп connedticn with production manufacture, 
Item 2 of Reference (b), are adequate as submitted in ftefereoce (o), 
except that Enginecring Materials and Direct Charges should be increased, 
to cover Handbook Printing, ма follows: 


CONVAIR | Serial {51-5 


log 
Page 2 


100 Airplanes 6 10/зопећ $ 68,600 2 $14,930), 


300 Ајтрјелев @ 35/aonth 4 90, 300 was 861,700 
500 Airplanes ۵ 50/month $108,000 (wae. 974,800) 
. 1,000 Airplanes @ 50/month $128,100 (was 992,800) 


Se Ра два for production usaufeoture, as submitted in Refermoe (o), 
are based upon single shift, ЦО hour week shóp scheduld. 
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SECRET 
Date: 28 May 1951 


Subjects 15-155, Interceptor fighter Aircraft = Revisod Production 
Program = Estimated Engineering 00865 of = 


Referenoe: (a) Memo J.B. Schirtzinger to Ja G, Zevely, dated lj May 1951. 
(b) Memo J. F.Sohirtzinger to J. G, Zevely, dated 28 May 1951. 


1. The following 48 submitted in confirmation of the verbal information 
supplied to Mr. Ja А, dames of the Contracts Department on 28 May 1951, 
rolative to the subjoct program. 


г. Manufacture of production airplanes оп a two shift, ЦО hour меек 
basis, іп lieu of the single shift, ДО hour week previously quoted, would 
increase Engineering Liaison and Drawing Mainteance costa by approximately 
158, Engineering estimates submitted in References (в) and (b) for the 
production program should bo revised, to compensate for this changes, 69 
read as follows: 


One Hundred Airplones at а Maximum Rate of Ten & Month 


mgîneering labor @ $h.32/hr 216,100 hours $934, 848 


Eng. Material & Direct Charges $ 72,600 
Experimental Factory Labor 092 „15 1,850 hours نے‎ 18 
| š 18 


five а. Month 


Taree Hundred. Airplanes at e Max imam Rate of Thi: ; 


fngiueoring Labor © $.32/hr 296,700 hours $5, 281,74 


Бос. Materiol & Direct 5 95,400 
Experimental Factory Labor 7 „5 5,600 hours 19,320 
$1, 396, Hol 


Pive Hundred Airplanes at & Maximum Rate of Pift га Month, 


Ingineering labor @ $11.32 hr 360,400 houra $1, 556,928 
Eng. Material ё Direot Charges n $11, 500 
‹ Ixperimentel Factory Labor 082.45 6,150 hours 2 21,218 
$1, 02م‎ 15 
One Thousand Ai planes at 8. Maximum Rate of Fit 8 Month 


Engineering Labor в $.32/nr 149,100 hours n 90,112 


Ing. Material 6 Direot Charges 156,00 
Experimental Paotory Labor 633.15 7,800 noure گے‎ 920,210 910 
103,4 


3» Estimates submitted in Reference (b) for the ھت‎ portion. 
of the program remain unchanged. . | 


d. Е. воћа مج ود‎ 


IM:HSSsdg Chief Administrative Ingineer 
соз We Wa Bowley = 0, A, Mohr 80۰ 
C, L, Meador -8-8--8.21 


igre Flies 


| 


+ سے‎ ۳ —— 
i 

0 

г 


= 


"у | 

۱ ~ HT. „а 
К A, ! 
: ~ 4. 


سد کے نت یم 
۱ 


| 


| 
22 


ME" 


| 


3 - ``. 


2x 


р 
—=—-- 


то‏ جو ٹن 


f 4 
۱ || 1 
1 1 — я 
——— نس مس‎ ED ru 
i T 
6% 
š 


| 


г 


ات مر ہے ab^‏ 


.244 70ر 
$470 $37 - 


Ж 


+— 


““>? 
+ 


4e р ОР: БЭРЭН S, 24 
2 : 
P : f 
۱ ۸ ü 1 

m + w e ғы .-_ 
! L 

7 ' | . 
لاٹ‎ Os ең} جا‎ 


120 


1130, 


WE M то 
Ик. 449 foro, = 


2-3 2 


, = 
! | ! 
я ' 
= 1:0 0 1.6 ёс 
% زی‎ 
Ч 1313 Ай 


р 
1 
+ تا به‎ of 
1 
77 
РЕЈ 


4— + +: 
i 


MPG 


4 سس == -| 


— 


| 
set 


уланү - 


25 May 1951 
Mr. ول‎ Ge Zevely - Contracts 


5007 БЕА] 
Cost Proposal Outline dated 6 January 1951, revised 22 May 1951, Serial 451-8 
МХ-1654 Intercepter Fighter. 


Гого Base, 


NOTE & RETURN TO 


the Plight Test estimated expenditure for the subject program as outlined 
in the revised Cost Proposal is ав follows, 


Prototype flight testing for a one year period at Edwards Air 


Conduct flight test program for detormination of handling qualities, 


performance characteristics, and equipment functioning characteristics 


(excluding Radar), 


Tosts Eat, F 


Operational Shakedown Flights . 

Engine Cooling, vibration, and duct 
efficienty . 

Stability & Control Investigation 

Porformance Investigation 

Equipment Investigation 


Miscellaneous Repeat Tests 
TOTAL 


1 Engr Pilot = 1000 man hrè G a5 /ir | 
1 бр Flt Test Engr: 500 men hours @ $7/hr 
1 Flt Teat Engr ~ 2000 man hrs @ 85,50/hr 


TOTAL 


During 1 year Test Program 


1 Engr Pilot = 2000 man hours © j8/hr 

1 Sr. Flt Test Engr = 2000 man hours Q $7/hr 
Š Flt Test Engrs « 6000 man hrs G 0 

5 men 85 Muroo for one y.ar at 88.00 per diem 
Fuel & 011 = 90 flt hrs G $100.00 hr 
„Insurance; 90 flt hrs ~ Pl ё PD & Compensation 


» Hours 


a. 


5 Hours 


60 Hours 


70 fours 


Cónduct flight tosting of tactical equipment installed on first ркбе 
duction airplane. 20 fours 
The following i5 the estimated expenditure for the above test program; 


During Construction of Airplane 


8,000.00. 
3, 500200 
11,000.00 


22: 500400. 


14,000,00 
$3,000.00 
14, 600,00 

8,000,00 


790,00 


vw Page = 8 = 
25 May 1981, 

Meno to Мг. Jo G+ Zevely + Contreots | 

Subjeot: МХ-1554 Interéeptor Fighter Airoraft Cost Proposal. 


Para VI Item 0 


Manufacturé Próduotion Airplanes 


It 18 estimated that an average of 10 hours flying time will | 
bo required for Company and Customer Acceptance Tests on each 
Production Airplane, | 


The estimated cóst per production airplane is 88 follows; 
1 pilot (6 hrs 41%) © $16.00/hr 


: | : : 8 5 98.00 
Fuel & 011 (10 fit hrs) @ j100/hr . 1,000.00 
Insurance (6 hrs flt(PL & PD only) 6,00 
TOP AL, 8 0 
1 
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“А “ханан wind ни program of the EEEN utilizing the. у 

веле model as that for Item (b) would be conducted in the: МАСА. ۱ 

-6t x б! supersonic tunnel at Moffett Field. Drag, stability ап ~ 

‚ control and inlet characteristios would ba evaluated from Mach 1.85. 

' to 2.00, ' Pressure distributions ower important, Sopa ants would; | 
ШЕ Also be determined, v — جو‎ 


(d) Spin test program in NACA spin tunnel. 


- . A dynamically similar modél of the MX- 1554 would be designed, beh ; 
oonstruocted and tested by NACA in order to evaluate spin and spin: 4 
recovery characteristics, Тһе test would be conducted by joint, | 

. collaboration between NACA and CVAC and any deficiencies in in 
recovery characteristics would be corrected, | | | 


: (е) Free flight teat program in WACA Free Plight Tunnel. 


ызыр. А: В уз. эй; „ак 


~ А dynamically similar model of the MX=2554. would be designab,. - 
7 — eonstruoted and tested in the NACA free flight wind tunnel 1227: 
order to evaluate dynamie flight behavior of the airplane. کے‎ 


aa 


)- Free flight program at NAGA, Wallops Island. Р | | WO = 


је 
“ыу 


وہ 
и ~‏ 
وو : 
سہ Эс‏ 


Three rocket propelled models would be constructed oo ovac вий? 
tested by the НАСА at Wallops Island. Two of the models would je. 
tested to determine drag from Mach 0.7 to lel at zero lift and, 8%; 
‘angle of attack (similar to that accomplished by Model Мо, 6 of ^ 
the MX-813 rocket model series), and the third would be tested dioi 
í | evaluate longitudinal ками 86, Вор ше. Е from, 
у ! Mach. 0.7 to l4. = ; B 
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By Design, Construction and Testing Ñ B Р: -— сар 


F w 

if 

i Eo Design and drafting inoluding technical کیٹ‎ not “spect tionlty m 

г. `” Porth аһ веригата items. - ہر‎ | 

| 200) Tooting, ГАЗ вон and ا ھت‎ of one atripped dom. flight articles} z 
|- = вид one static test article, Flight article to be equipped with the: 

18 “Westinghouse XJhU-WE-10 engine, Provide engineering liaison and, ; 

+ | maintenance during the construction period. 1 

! (3), Provide required technical date and reports, | ۲ IT i 
am Y 2 D LP 

| А | А), Design, construct. and test power plant installation, од. ап p | ‘ 
| дог „tost кыч | : | U | Бе И 

| 481 Dosign,” construct and test full ‘poate nook-up ‹ of. hydraulte г eure зе 

i |. 8sgemtrol ура | | ; 

| (6) Conduct: static ree іп ассогдапсе with ААР Specification #1803-9А. 

| (ту Provide: Pilot'e fusilierisatión Manuel atri Iob #6 fiat Supplies for ; 


EE 


` Model XP5Y-Y. 
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cg Flight Testing and Instrumentation ۳ ud Batu 


(а) Provide complete flight test instrumentation m the > Prototype (Strippe. 
_ дома.) Airplane only. pu ار‎ 22 UR 
“оу Conduct flight test program is ee ground сонор shaken’ 
down flights and flight testing at Edwards Air Force Base for a 
period of one (1) year. Provide engineering liaison and madatenene 8 : 
< and shop maintenance during flight test period, У 


Flight testing of tactical وت‎ to be کے‎ on first тойоп 

airplane.” : pe qr B Р : Е | 
| Твен. 2. Construetion of ی‎ бїр. al وم هام‎ s ДЕНАРИ as of 100 at rate of | 

E `-10 month, 300 at 35/month, 500 at ns and: 1,000 86 50/fnonth. ` 

Dosign. and drafting in connection with 26 гар of corrections,: 

dictated by structural proof testing and flight testing, in the ЫГ 

_ production. ralease shall not be included since thbse items are to bo 

“the subject of future negotiations. Provisions shall also ђе made ` 

“Тог preparation of handbooks end engineering liaison and maintenance ` 

: during the production period. (Instructions relating to the preparation. 

end submittal of estimates for Itam 2 are contained in Appendix 3 IV ор: 

: AMC Letter HG REOA - /NRR/bmm dated 1 September 1950. је <: - 


ee One Hundred airplanes at & n&ximum rate o? ten a month. 
ЫН Three hundred airplanes аһ e maximum rate of thirty-five a month. 


EM Five ГЭЭ airplanes, at в maximum rate of ОТ а mnths 


4 


мн. 


| De Qno thousand кг алсын at в maximum rate of fifty в & ранен : 


=. ын OF. ENGINEERING PROPOSED; "ONE c Lg تب‎ 
Ay, Prototype Airplené Program. | ۱ | а i: dd 8.28 n 


\ TN оца type drawings çonförming to Specifications راھد‎ end 
۲ 70.2 MID-D-5481. ` 
· (2) Minimum lofting required for experimental tooling prepared "aad 
^.. maintained for later use in connection with production tooling.. 52 
5192 ‘Pilot's Femiliarisation Manual similar to that prepared for Model 
و‎ XP5Y-l. NE Q `. ~ Боа 
x 4). Tocknioal date and reports as required. | ин vs Pr 
: | 


By, Pre due tion Program ET TM | ME 
Gy те jrototypé ара ۱ 3 в 2 г. 
2 Lothing e required for PHA: #99118 ng. 2 
К: Complete: Handbookes 
hy Reviag teoliical date: жай reports prepared for prototype airplanes 88: 
теди red» 
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2. eS | ШЕ Page 2 
2%; mee TOOLING PROPOSED: 2 LX MEC ДОК << 
ve 2 Minimum éxperimental tooling for prototype and' static tost. artigles. 007 
Ux FX “Production departments to oonduot production programs. 
"XI, түр OF PACT PROPOSED: 2 7. im KW. "UE. 


А, ‘Experimental Factory to construct 000 and nd fatio + test articles. 


ta К j 
» В, Production departments to oonduet production programs i | 
| "muss x bee т | | ЭГ 
жп, ТІРЕ ОР FLIGHT PROGRAM PROPOSED +" | | 3 ۱ ~: 
То be determined by the Flight Department. | i 
XIII. БЭХ AND SHIPPING INSTRUCTIONS s PE. зі 1 ; 
| То be determined by Contracts Department, u : | | 
XIV. MAJOR PURCHASED PES B Reference otal Sppoittontion 2D-0L1, өкеөрі 
UN 064 иеп У - ~ ۳ Z г M 8 i ~ · о 7 Ñ 
Ж, 522 га | тағ x 
AY ‘CAPITAL FACILE 18 REQUIRED, · jd E 
ГЕЯ requiremant for additional capital ‘facilities: can be foreseen for the ш 
| 1 prototype airplane program. 7 
__Ве Plant Engineering shall supply the list of additional capital бөлімі өні; 
۲ ` which may bé required for the production program, шү 
ЧИМЖ : MEL Pe کی‎ : 
ЖҰТ, 'PROPOSED PROGRAM SCHEDULE + | = | š 
d; The proposed sohedule shown on attached chart for the basio program wag, XT. 
КЫ ар vo accomplish the following: V 
у | ЗЭР” 
رو"‎ ‘arly start of flight testing for EO в evaluation of the airi 8%. 
1 . (19 months after go-ahead, ground testing completed.) . кан 
(2) Completion of static testing on the static test article’ early Bá ` 
=.> possible te permit rapid lifting of flight restrictions (27 months), 
. (3) Completion of engineering release for production in time to permit 5" * 
| delivery of production airplanes starting- 25 ports after. бозекенка. К 
XVII مستھا‎ SPECIFICATIONS OR DESCRIPTIVE DATA AVATLABLE FOR ESTIMATING € 
i - - —— Tee 
Эс гө 2Р-50-10003, Specification ZD-Oll except £ as aumended herein. VN 
NOTE: ملاک‎ above are currently being completed by the Preliminary Design, Фран. 
sof whe. Bagineering Department. 7 0 шш 
жп: تن‎ e Goorn oR 2۵91۵6۵ Ge ۸ ШЕ E 509; 1008: | 1 
XIX. ات‎ FOR ТҰРАҚТАДЫ TAL. сон LS эхо mat 10 a BE шиш TO ان‎ ans 
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PROPOSAL REQUFSTED/ORIGINATED ВУ: AUD 


‘outling contains the "Alternate" program with revisions, in Роб. 
: » 


О 8 January 1951 


goma, SD Q 
"cns г | Авай | 
Revieed 22 May 1953 
: ۱ : Log # A7 
j созі PROPOSAL OUTLINE - SÈPIAL 451-3 
e 7 7 107 | 


a 


iho Customer hes 14168560 interest in the EK- 1664 interceptor, Зәвей oa the 
program deserited in Paragraph Vili of the Coat Proposal Outline 
However, cort&in changes in the 
program have resulted from convarsationg with Cuetomsr representativos end & 
further analysis Юу Contair, making & revised огорозаї necessary. he foilowing 


"Altórnate" 


"E 
* 20097 ° с 
‚* 2 " 24% в 


FOR SUBMITTAL ТО» 3 2 
Commanding General, Air Materiel Command, ИСРР (MCREOA-) 
DATE PROPOSAL IS ТО BE SUBMITTED; To bà determined by Contracts Department 


TE ә é .* 2 
E 4 


TYPE OF BID DESIRED; Firm | 
CPFF on Item 1 œ Inceative on Item 2 


“~ 


TYPE OF CONTRACT CONTEMPLATED s 


[73 


Design, construct and test one prototype stripped dow 41601504 and one 


statio test article. ИЕ 5 
4, Td а а А ez e 


Item 1. 


e 


Tho single place, delta: wing airplanes 6 are. as follows 


Dverali Length 42% وبا‎ 2" | 
Wing Span. .; | e 38* 9۰ , 5 
Maximum Fuselage Hoi pt 6? а | 
Maximum Fuselage Width 6° 2" А 
Take-off Gross Weight (approximately) . 22,795 Pounds». 
14,765 Pounds | 


Weight Empty (approximately ( 
6,650: Pounds (Stripped aon) 


| 

СТАС Fabricated Weight ferret a Е 

САС Fabricated Weight apnrotimately) - 6,500 Pounds (Statig Test) 
и" 


3) 
Notes Customer has requested. thet cost estimptes be submitted by 
fisoal ۴۵۵6 , c 
Item 2. Manufacture of production airplanes in quantities of 100, 200, 500, and 
1,000, at а rate of S, eoru vo, ond ۴ airolanas por monthe 
| о8 с 


e 


Receipt o? go-aheadsi duly 1954 
Engines (Westinghouse XJhO-WE-10) available T 195145 


В, 
Electronic componente {Worth American] currently available. 
Prototype and Statte Toat airplanes to be manufactured in the Experimentel 


Department a 
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E. Engineering .Drawings for the prototype airplane will be of production Фуре 
éenforming to lee ран ВОА спа HYL-D-5181. 


24 


_ > о 5 
NE 21606 2021 orth жайса 4s assumed to be a package: including 
required antennae (GPP). ٠۶ ee à ° 


Gn Armament to congiet of 2.675" РРАВ Bookots only. у 
? й e RN" 26 


VIII. DETAIL WORK BIATIMENTS, 
amt 0 
Item 1» Design and construct oné (1) stripped down end, one (1) 594۰ Teat Airplane 
accordance with Dotail.Specification 20-001: and Brochure 2Р-50-10005, except 
as otherwise deséribed herein. Conduct miscellaneous “etructural, material and 


system tests over end above specific tests listed below, at Contractors discretion. 
‘As Preliminary Design and Méckeup — . 


(1) Extend preliminary design program including preparation of mock-up 
drawings and construct à full scale mock-up of. the airplane consisting 
of the ۵ fuselage. and vertical stabilizer and one-half of tho. 
wine: I 


(2) Conduot wind tunnel test program of the basic configuration ag follows: 
(a) Low speed wind tunnel program ii СТА, 8! x 124 wind tumet. 


A low spoed wind tunnol program wilt, be 500056806 in the Convair 
8° х 12° wind timnal in order to evaluate subsonic stability and 
control characteristics and to arrive at refinements in overall 
design. 


- The low spoed tharacteristiocs of tho inlet will also be evaluated 
` utiliging ”صن‎ ‘model. 


c 


(5) High арбей wind tunnel program in Cooperative wind tunnel. 


А wind tunnel program directed toward evaluating stability and 

| control characteristi¢s over the completo, subsonic, rango (approaching 
tunnel ohóking Mach numbers of 0.97) would be carried out in the 
Soüthera California. Cooperative Wind Tunriel, Та this facility tho 
aerodynamic charactoristics of the it - 155), at Mach number of 1.20 
woulà also be evaluated utilizing the existing 1.20 Mach linor. 
‘fhe inlet and dict characteristics, would also be evaluated over 
the complete 8ubsonie гайре. end at Mach 1.20 in order to insure 
that an overall optimum inlet design would ho incorporated in - 
МХ-155|4 Рүевбиго distributions over important components would 
also bë measured throughout the Mach range of the facility. 


(в) Supersonic test program 48 МАСА 6% x 6" tunnel at Ames Aeronautical 
Laboratory. 
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A mupersonio wind жине program of the МХ-155Щ, utilising the 
same model as thet for Item (b) would be conducted in the NACA 
6° х,6% supersonic tunnel at Moffett Fields Drag, stadility and 
e. control and inlet characteristics would be evaluated from Mach 1.25 
0” to 2.00. Pressure'distributions ever important components would 
аә be: "determined, | 4. 2 


6 


(а) Spin test program in NACA spin tunnel; 


A dynamically similar mode? of the МХ-155 кула be designed, 
conatructed end tested by NACA in order to evaluate spin and spin 
recovery characteristics. Tho test would he conducted by joint 
collaboration between NACA апа СУАС and any deficiencies in 
ғәботеғу characteristics would he corrected. | 


(o) Free flight test program in WACA Free Flight паз, 


EN буцаа айл17 similar model of the Mx-1554 would be designed, 
constructed and tested in the NACA free flight wind tunnel in 
order to evaluate djnamic flight behavior of the airplane. 


(е) Free fight prograih?at WACA, Wallops Islande 


где rocket propelled models would be eonstructed by СУАС and 
tested by the NACA at Wallops Island. Two of the models would be 
tested to determine drag from Mach 0.7 to 1.4 at zero lift end at 
angle of attack (similiar to that accomplished by Model No. 6 of 
tho МХ-815 rocket model serios), and the third would be tested to 
evaluate longitudinal stability and control eharacteristiés from 
Mach 047 tò l.l. 


» 


Ва Design, Construction and Testing | ~ 


(1) 
(2) 
@) 
(L) 
(5) 


(6) 
(7) 
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Design and drafting inoluding teclmical activity not specifically sot 
forth aa 06 18+ 


Tooling; fabrication and assembly of one stripped down flight article, 
and êno statio test article. Flight articlo to be equipped with the 
Westinghouse Xd0-WE-10. engine. Provide engineering liaison and 
maintenance during the construction period. 


Provide required 1 did ind reports, 


Design, construct and test power plant installation on an engine 
test stands 


Design, construct and test full scale mockeup of hydraulic surface 
cóntrol system. 


Conduct static teste in accordance with ААР Specification 1:1805-985.. 


Provide Pilot's Femiliarization Manual similar to that supplied for 
Модеј ХР5Ү-1. 


^ CONVAIR, SD | G January 1951 
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(Cy Flight Testing dnd Instrumentation | 


(Y) Próvide completo flight test ins تن‎ lon on the Prototype: (Stripped 
E و‎ dom) Airplane. only» 
° J 
(2) сене flight tost program including necessary ground testing, shakes 
dow flights and flight testing at Edwards Air Force Base for a 
períod of ono- (1Y years Provide engineering liaisen and maintcenanoó 
° ад shop maintenance during flight test periode 


. Flight testing of tactical equipment to bp conducted on first. production 
. Airplane. . | СУ 
„ем 8.: Construction, of produotion aiyplenes in азга of 160 ae rate of 
ПУ Mymenth, 300 at 35/month, 500 at SO/mouth, end 1,000 at 50/month 
Design end drafting iu connection with Зисогрогаёй оп of | ана: 
dictated by structural proóf testing end flight testing, ia the 
production release shall поё be included віпоо thise items are to ho 
the subject of futuro negotiations. Provisions shall alse be made 
for preparation of handbooks and engineering liaison and maintenance 
during tho production period. (Instructions relating to the preparation 
and submittal of estimates for Item 2 are céntained in Appendix IV „of 
ANC. Letter MCREOA-LAWRR/omm dated 1 September 1950.) 


А. ‘Ono Hun ds airplanes at a maximum rato of ten а month. 

e . ЈЕ: 

F d Three hundred airplenes at a maximum rate of thirty-five a monthe 
C. Five bundied Sirplenos et a maximum rato of fifty a month. 


۳ D Ono thousand airplanes at a maximum rato of fifty 2 month. 


IX. TYPE ОР, 26 PROPOSED: E 5 2 ` 


Ae Prototype i aê ہت‎ 


(1) Production typo drawings. . 2 to Specifications MiL-D-5h80& ond 
И11-:0-5181, қ | : 

(2) Minimum 10826108 required for experimental tooling prepared and 
maintained for later use in cennection with production tooling. 

(3) Pilot's Fomilierization Manual similar to that prepared for Model 
ХР5Ү-1, 

(h) ‘Technical data and reports as required: 


B. Production Program 


) Use prototype drawings 

) Lofting as required for produotion tooling. 

) Complete handbooks. 

) Revise technical Gata end терга prepared for prototype airplanes as 
requirede · 
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X. TYPE OF TOOLING PROPOSED: | P 
Аз "yin imam “0 tooling for prototype end static tont artiplan.s 
Be Production departments %о conduct production program. 
XI. ТҮРЕ OF MANUFACTURE PROPOSED: 
А. Experimental Factory to construct prototype апа static test AS 
Bs , Production departments $0 conduct production program. | 
ХІІ. TYPE ОР FLIGHT PROGRAM PROPOSED; 
To be determined by the Flight Dopartment, 


XIII, SHIPPING INSTRUCTIONS: 


То be determined by Contracts Department. 


XIV. MAJOR PURCHASED ITEMS REQUIRED: Reference Detail Specification 20-042, әхеере | 
Цаг" аб ameaded ^oroine . i 


XV. CAPITAL FACILITIES REQUI RED: 


.% 
Ae 6 requirement for additional capital facilities can be foreseen for the 
prototype airplane program. 
В. Pient Engineering shall supply the list of additional чин: facilities 
| | which may be 0/8 Фот the pfoduction program. 


> 


XVI» PROPOSED PROGRAM SCHEDULE: 


А. The pPoposod 869 ТЭРЭН сп attached chart Рой the basic program was ыг 
up to accomplish the followings | 


{1) Early start of flight testing for aerodynamic evaluation of the airplanes 
` ($9 months after gorahéad, ground testing completed.) 
(2) Completion of static testing оп the statio test article early as 
possible to permit rapid lifting of flight restrictions (27 months). 
(5) Completion of engineering release for production in timo to permit 
delivery of production airplanes starting 25 months after go-ehead. 


XVII. APPLICABLE SPECIFICATIONS OR DESCRIPTIVE DATA AVAILABLE FOR ESTIMATING з PURPOSES : 


~ Brochure 2Р-50-10003, Specification 20-01 except as anmended horoin.- 
NOTE:  Thó above are eurrantly being completed by the Preliminary ылы Group 
of tha Engineering eee 
XVIII. ENGINEERING GOoRDINATOR ASSIGNED: C, А; lioe PHONE NO, 1002 


ЖІК. SCEEDULE FOR DEPARTMENTAL COST ESTIMATES AND DATA тоз BE SUBMITTED TO CONTRACTS 


DEPARTUENT (Fo be suppiio Contracts Department or arrived n proposal 
те ing ° o 
Prepared by: 
SECRET 
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С. Ae Mohr 
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да Le Wainwright 
Р. Do Ferrara 

Re Le Bayless 
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CONVAIR CONFI DENTIAL: 


SECURITY INFORMATION 


Dates 20 November 1951 


To: C, He Koenig 
Bubject: ME-155h Interceptor = Proposed Preliminary Budget for 
References (а) Momo J, Fe, Sohirtzinger to 4, б. Zevely, dated 

August 1951, regarding Estimated Engineering‏ ہلا 

end Experimental Faotory , Costs, 

(b) Gales Order 23-1.2 

The following hours and amounts should bé used in the preparation of 
a budget for Phase 1 Development Program of the MX «155, Intorceptor 
Fighter Aircraft, 


А. Preliminary Design 
(1) Design and Draft 


Engineering Labor — 59,150 hours 
Inge Materials 6 Direct Charges . M | 
23 — Experimental Fastory labor === aT З:8) 


Exp, Factory Materials В в Dir. charges | 1400 1 Z .سم‎ 


В, Wind Tunnel Program 


(1) Low Speed Program СТАС . LA а 
Engineering Lebor 7,290 houra | B "fif 57 
Inge Materials à Direot Charges | $ 1,550 
Department 61 Labor 11,500 " 
Experimental Factory Labor 28,000 " | 
| Exp. Factory Material & Dir, Charges 7,500 
1 Wind Tunnel Ocoupénoy (СУАС) 600 " 
(2) | : 
Engineering با‎ | 13,800. " 7 
Inge Material & Direct Charges PME | 800 
Department 61 Labor نہ‎ 2,000 " 
Experimental Factory Labor 12,100 " | 
Exp, Factory Material & Dir, Charges | 6, 000 z 
Wind Tunnel Occupancy (COOP) eoo " p 
С. Mookeup | 
а) Design and Draft "T 
mg. Material & Direct Charges 150 A 
| Цайрын" == А | | 
. CON! EN ПА | | 
а SECURITY о. 
\ | 
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SECURITY га ! E ~ iu 


30 November 1951 


Ü Page 2 
De Operational Data 
| Engineering Labor | 3,100 hours. | 
Eng, Material & Diroct Charges $ 650 
Е. Reporta 
Engineering Labor 1,450 " | 
Бір. Material & Direct Charges 315 


Flight Test Eng. | | 210." 


Ја Ре Schirtzinger 
Assistant Chief Mgineer 


Lit КВ ع:‎ 
co: Le Moore 177 
ingr. Files 
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Subject: | Eodel 0241554 Intetaapter < Qarreotícn of Буда паста 
Direct Tabor Cost Accounting for 


feferexcos П, B, Larricgen ^ В. Re Hyner مد لف‎ of 10 Ootober 1951 


гөй Gubjeot: Пен AWO Булата for Certain МОРЕ on 
UX-159lj fnteroeptor, 


їз acóórüsnos with reference, please transfer the following Сод авг лд 
direct lotos оова from ANS noted to the correct AVG ав 326800, 


АО = Correct 


"ИВ Used AUD _ EO, Доби Hire Baount 

алб 580 5155 5933 26 2, 950,5 
9 в fi 3 ЭЕ 51 121 á 37 
9 /50 it ft i t 645 573. 45 5 


4 Pe Sohirtetncer 
Assistant. Chief Minter 
ШУ ۰.۰. 
вор We Па Lovley 
€, Ч. Koenig 
Po Ш بت‎ а, 
b. nore (8) 
Герта Filos 


ON VA. TR ~ О 
k ENS У же x Зоо T" M3 | 
Ë КАДРОМ ПАС 
Septoria, 
fatos В fovea 1951 
fot 44 Pe Walla 


Subjects adel 32159) intaroeptow = ا و چ‎ OF fhainconing- 
Direct Labor Gost üecounting for 


Qeferences Па Be. Гата ет s Š, Re tlyner. ۰ of 10 Qotobor 1951 
та: Subjacty Пен AUD Huxbors for Üertain Work ба 
Ике, faCorosptore. 


fn accordance with reference, pleace transfer the: following То аве вар 
۵3۰۶28 lobor conta from AVO noted t0 the correct AWG 88 118064, 


AUD — боурвоф | | 

Bech - — жо Emotion Koura Amount 
530 915 5019. ۰ 06 79; 05045 
- 2 ” 8 151,37 

n 855 573.18. 
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: 2 48816186 Chie? Бийшаар 
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COVLIDENTTAL | m Page 1 
шээг. Log # 
COST PROPOSAL OUTLINE -Нот вой, 6 August 1951 


MX-155h PHASE I DEVELOPMENT PROGRAM 


1. Proposal requested by AMC in letter VOSUF/AR/nlt, 16 July 1951 
2, For submittal to АМС = USAF = "ADC 
3e Date proposal із to be submitted: To be taken to "right Field for 


preliminary discussion on Augus? 9, 1951, prior to official díscus- 
sion requested in above latter during week of 3 August 1951. 


Type of Bid Desired, Fimme‏ وبا 


Type of Contract Соп бе: То be determined by “ontracts 


бо General Description of Articles and/or. Services: Phase I development 
covering approximately ۱ ling mock-up; model 
tests necessary to substantiate the airplane performance, stability 
end control; detailed technical, logistics and operational Gata; and 
monthly progress reports. 


To Detail dork Statement: 


А. Design: 


аг”(1) Extend preliminary design of airplane бо include drawings 
(essentially as previously preparad for proposal) in greater 
detail per ДЕ Specs 1010 and ۳۵ھ‎ 


(2) Alternate additional work (costs to be listed separately) to 
include experimental siploratory desî ga tests as required of components of 
the following s 


(a) Fuel and purge systens (f) Engine ducts (1/5 acale) 
(b) AntieLcin= system (g) ingine exit nozzle tests 
(o) Structural specimens 

(4) Padome erosion tests 

(о) Wing skin wrinkling tosta 


v В. Test Program à 
2 (1) Rocket Лодећа = | 
P2 Construct three identical scale models for transonic 


мапа supersonic test by НАСА. Rocket power plant to be 
furnished by NACA. 


212) Low бреед Wind Tunnel Tests = 
а) Construct one 50818 model and test in СУАТ, tunnel. 
М b) Furnish data Рог НАСА to construct and test spin model 
and frea flight model. 


„COU et DN TIAL 
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| COV FID TIAL 


(5) High Speed Wind Tunnel Tasts = 
(a) Construct one scale model and test in Coop tunnel. 
(b) Modify (a) for test by NACA in 6 x 6 ft Moffet Field 
supersonic funnel. 


2 С. Mockeup 


~ Gonstruct full scale mock-up of the proposed airplane with 
WAC Ү267-М-1 engine, including simulated radar display and instru- 
ment lisnting, “Meck-up of special tools and ground handling equip= 
ment shall be provided for necessary demonstrations. 


Opsrational Data 


Prepare 10 copies of report covering operational utilization 
with information to substantiate tha potential kill probability 
against а variety of targeta with different performances, 


Es Revorts to ba submitted as follows: 


20 copies monthly progress reports, containing summary of 
current status, design changes, dascriptions of design 
work, tests, otea, photographs and drawings and summaries 
of official contacts with various outside activitisss. 


| С copiss monthly fiscal report 
5 copies monthly weight and balance report 


20 copies report outlining program for detail desim, tooling و‎ 
fabrication and ground testing of the experimental aircraft, 


5 copies report of proposed axperimental flight test program 
including scope, number flights, flight hours, instrumenta- 
tion and data to be obtainad 


10 copies report on proposed production program including 
following: 


ao Exploded views including description illustrating the 
following: 


(1) General configura tion 

) Master assembly sequence of complete aircraft 
) Assembly sequence of major components 

) Internal arrangement 01 structures 

) Method of equipment installations 

) Accessibility of components 

) Hethod of fabricating components 


— — — v جس‎ “м 
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be General constructícn details. 


| (1) Special techniques and manufacturing processes. 
| (2) Interchangenbility of parts. 
(Г. ‘Ise of forgings and extrusions by number and weight, 
(15 Method of handling assemblies and analysis of flow 
time. 
(5) Total number of parts. 


бо Contractor's capabilities, 

(1) Facilities involved, government, contractor and 
subcontractor owned, including data on manufacturing 
technique, transportation, airport facilities, sub- 
contracting structure and past experience. 


(2) Production delivery schedules up to 15 aircraft per 
month, 


(5) Manhours required for production rate of 10, 20 and 
50 aircraft per month including workload required 
by other contracts. 
(1) Summary of CFE and GFP which may causa delays to 
above schedules. 
да Cost 
6 و‎ Financial status 


f. Materials 


г. Aitemate additional work (costa to be listad separately) to cover the preliminary 
design of a Pilots Сервије ав follows: 


levi 


(1) Proliminary design of capsule 


(2) Wind Tunnel testing : 
(а) Construct one вса16 model for low spoeg tests іп CVAL tunnel. 
(8) Construct опа scale model for high speed tests in Coop “ind Tunnel. 


(5) Construct full scale mock-up of capsule. 


8. Type of Engineering Proposed: (Drawings, Lofting, Handbooks, Teohnical Data, etc.) 
See Detail Work Statement 


study oniy of experimental and production tooling. 


10, түре of Manufacture Proposed: | 
ase 1 study only of experimental and production manufacture. 
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бо: 


۱ Date 27 July 1 
Type of Flight Program Proposed: Page | 


fazso T study only of experimental flight program. 


Delivery and Shipping Instructions: 


llock-up inspection not later than 9 months after до=аћеад with all 
data and reports submitted to ADC within two weoks after completion 
of mock-up Inspection, Sufficient wind tunnel testing shall be 
accomplished prior to mock-up inspection to substantiate low speed 
and hiijh speed performance, 


Мајок Purchased Items Required: 


Phase I study only (minor items will be purchased for model test 
programs end mock-up as required), 


Capital Facilities Required: 


Rework and expangian cf amp facilities is required for Radome rain srosion 
testing as degeribed in Paragraph ТА (2) а. 


Proposed Program Schedule: 


Phase I аз described above, 


pppiicabie Specifications or Descriptive Data Avatiable for Estimating 
17۰003 683 2 


(а) AF Secret ltr woswrAmRf~nit, 16 July 1951 and attached АР 
Confidential sentative Statement of Work WCSWFAMIR/s m, 
15 July 1951. 


(b) Convair previous preliminary design proposal (data on file 
in Preliminary Desten). 


# 


Engineering Coordinator Assigned: б, A. Lohr Phone Ho, 1002 & 1003 


Schedule for Departmental Cost Estimates and Data to be Submitted to 
Contracts Donartriarnt (бо be supplied бу Contracts Department or arrived 


at in proposal meeting) 


Prepared by: 
ENGINEERING PLANNING & ZSTLIATING 

Fall, Fink 11۰1] Shick 

J.P Schirtzinger H,fDunholter 

Naila Bouley H. ل‎ Dudiin 

Fa Davis Е „Е Kennedy 

А Burstein R.A ۔‎ 7 

7.7۰.8 G.G Groan 

4.3 ء5٣‎ тоова 

G.G christensen С.А @ Mohm 

С oLelieador Eng. Piles 
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Datos 14 August 1951 
Tos J. G, Zovoly 
Subject: 121684 Intorosptor Fighter Airoraft 


Estimated Enginsering and Experimontal Factory Costs for 
Phase I Development Programs: 


Reference; (а) Memo P, W, Fink to J, 6. Zovely, dated 25 January 1951, regarding 
‚ (Gmtimntod enginecring and experimental faotory costs, 4 


(b) Momo J, P, Sohirbrinzor to J, 6. gevely, dated 4 May 1961, regarding 


195۳1664 revised production program = preliminary estimate of 
enginsering and oxperimental factory costs. 


(c) Memo J. P. Schirtginger to J. G, Zovely, dated 28 Мау 1951,. 
regarding МХ-1554 revigod oxperimental program = estimated сова оғ, 


(d) Momo J, P. Sohirtzingor to J. G, Zewoly, dated 6 July 1951, re- 
| 7 revised proliminary design proposal, Brochure 
Р=50=10006 


(e) Cost proposal outline dated 27 July 1951, revised 6 August 1961, 


Tho following ogbimntos are submitted in confirmation of information supplicd Mr. J, A. 
Janos, Contracts Ustinating, 7 August 1961, 


Pho se I Development Program 


Item 1 Phaso I development covering approximately a 10 month poriod inoluding 
mock-up, model tests, teehnical date and monthly progross reports 


< Al, Preliminary Певірп 
(1) Design and Draft ۳ 
Enginoering Labor | at 2 59,450Уһг8. | 256,824 
ling, Materiala 6 Direot Charges —€ $ 12,8507 
Experimontal Factory Labor at 5.45 4 48, ‚500 E» 46,575 
Ехр, Factory Materials в Direct Сћакров мен ми 400 
| Ф SH $ 316,649 
Гчотв а RETURN TO | s. 7 
| ГИЙЛДБАТН °, 


; [ w Wí || 5 


сому = CONFIDENTIAL | ИН 
| | м yv 1961 
Ж в. Wind Tunnel Program 
کو‎ МЕ? (1) Wind Tunnel Program | 
Aly ° . weer I 
v i » (a) Low Speed Program CVAD "E 
B C ‚ Engineering Labor at 4,32 7,290vhre, $1,495 
Eng, Material 6 Direct Charges } 1,550 
Dopartmont 61 Labor at 2.50 11,500 hro. 26,450 
Exporimontal Factory Labor at 3,45 28,000 ща 96,600 
Exp, Factory Material & Diract Chargoa 1,500 
Wind Tunnel Occupaney (СТАО) at 47,00 600 ag 28,200 
U 3 191,7: 798 
(b) High Spoed Program (Coop) 
Enginoering Labor at 4,52 8.80075, | 16,416 
Eng. Material & Direat Charges $ 800 
Dopartment 61 Labor at 2,90 2,000 ۰ ' .. 4,600 
Experimental Factory Labor at 3.45 12,100 hrs, 41,745 
Exp, Factory Material & Direct Charges 6,000 ' 
Wind Tunnol 702 (Coop) at 600, 200 hras 120,000 
(1) Dosign and Draft | | 
| | Enginooring Labor at 4,52 15048. 5,240 
Eng, Material & Direct Charges | Š 150 
| $ 3,890 
Ж D, Operational Data | 
Engineoring debt at 4,32 $,100%hrs, 13,392 
Eng, Material 6 Direst Charges 9 _ 650 
$ 14,042 
Ж Be Reports 
Engineering Labor at 4,32 1,450“hrs о» 6,264 
Eng. Meterial 8 Diroot Charges | 0 816 
Plight Tost Enginoor at 5.10 240 hrs, 41,824 


The following figures aro submitted for the altornato: additional work, as doseríbód in 
Reference (e). | 


A.2 Additional Exporimentol Exploratory Tests 


(1) Fuel 5 Purge Systoms 


Engineering Labor ati 4,32 2,000 hrs, 
Eng. Material & Direct Chargos | 
Experinontel Factory Labor at 5.45 8,000 hrs, 


Exp, Factory Matorial & Diroct Charges | 
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(2) Anti«-Icing System | юм | кс 
Engineering Labor at 4,32 600. hrg, 2,592 
Eng. Material & Direct Charges Š 100 
Experimental Factory Labor at 3,45 900 hra, 3,105 


Exp, Faotory Material 6 Direct Chargos 


(8) Structural Spooimons 


Engineering Labor at 4,52 1,000 hra. 4,320 
Бар, Material & Direct Charges | 9 00 
Experimental Factory Labor at 3,45 1,000 hrs. $,450 
Exp, Factory Material & Diroot Charges ___ 400 
| $ 8,370 
(4) Radomo Erosion . "M - 
Engineering Labor at 4.32 500 hres ` 2,160 
Ing. Material & Direct Charges A $ 100 
Exporimental Factory Labor et 5,45 700 hra, 2,415 
Experimental Factory Material & Direct Chargos 250. 
$ 5,05 
(5) Wing Skin jirinkling Testa кен 
Engineering Labor at 2 1,000 brit. 4,320 
Eng. Material 6 Direct Charges  . $ 200 
Exporimental Factory labor at 3.45 2,000 hrs. 6,900 
Exp, Factory Material Ф Direct Charges 400 
| ~~ 11,820 
(6) Engino Duct 1/8 Seale | 
Enginsering Labor а 4,32 200 hrs. 864 
Eng. Material ë Diroot Charges | 9 50 
Department 61 Labor at 2,30 150 hrs. 345 
Exporimontol Factory Labor at 5,45 700 hrs, 2,415 
Exp. Factory Material & Direct Charges 200 
$ 3,847 


(7) Engine Exit Nozzle Tests 
Engincering Labor at 4,32 500 ۰ 2,160 


Eng, Material ё Diroct Charges | | О 100 

Experimental Factory Labor at 3,45 600 ۰ 22 

Exp. Factory Material & 46 ‘Chergos 1,000 
y 3,955 

Р, Piloto Capsulo Program 
(1) Proliminary Design 2 

Éngincoring Labor at 4.32 11,050 bre. _ 47,736 

Eng, Material & Direct Charges $ 2,400 
$ 50,156 
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Т | 
(2) Wird punnel Toasting 
(а) Low Speed | 
Enginooring Labor . at 4.82 . 800 шв, 2,160 
Departmont 61 Labor at 2.90 1,576. Hros 5,165 
Exporimental Factory Labor at 5,45 2,000 hra: | 6,900 
Exp, Factory Matoriól & Direct Chargen | 9 500. 
Wind funnel Ocoupanoy (СТАС) at 47,00 70: hrs, 3,290 
! $ 16,013 
(b) High Spoed | | 
‘Baginooring Eiaigon at 2 700 hrs, 3,024 
Dapartmont 61 Labor at 2,30 350 ho, ` | 805. 
Experimental Factory Labor at 3,45. 9,050 hro, _ 11,212 
Exp. Factory Material & Direct Сћатбев 0 |. $ 1,000 
Wind Tunnol Oooupnhoy (Coop) at 600, 76 hro. 45,000 
(8) Construct Mockup (Capsule) 
Enginsering Labor at 4,52 250 Hrd. $ 1,080 


Whilo not apcoifically montionsd in Reference (а), the estimate contains nominal 
provision to cover tho following requíreuontt 


Ж "Bucinsoring 5hall provide 


data and liaison to assist Hughes Aircraft in 


tho integration of МХ-1179 squipment into tho dovelopment of tho ۵ 


Phase I program," 


In tho áccexplighaont of ths MX-1554 program, it їо ‚ врбдогражод, that Engineoring will 
· bo опа fortyefivo (45) hour work rook, and an ostimted 5% of tha engineering hours 


will be at prenium рву, 
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havised: 6 August 1951 


COST PROPOSAL OUTLINE 


их Р HASE I DEVELOPMENT PROGRAM 


1, Proposal requested by АМС in letter UCSWF/AWIR/n1t, 16 July 1951 
2, For submittal to АМС - USAP = WADC 


Date proposal is to be submitted: To bo taken to Vright Field for 


y discussion on August 9, 1951, prior to official 7+0 
sion requested in above letter during week of 15 August 1951, 


|» Type of Bid Desired. و‎ 
бо түре of Contract Contemplated: То be determined by “ontracts 
probably КЕ 


6, General Desorir tion of Articles and/or Services: Phase I development 
covering approximately a 10 month per eluding mock-up; model 
tests necessary tio substantiate the sirplane performance, stability 
and control; detailed technical, logistics and operational data; and 
monthly progress reports. | 


7. Detail Work Statement: 


Ao Design: 


(1) Extend preliminary design of airplane to include drawings 
(essontially as previously prepared for proposal) in greater 
detail por AP Spses 0110 and owt. 


(2) Alternate additional work (costs to ba listed separately) to 
include experimental шіріогафагу design tests as required of components of 
the following: 


(a) Fuel and purge systens (f) gine ducts (1/3 senle) 
(0) Anti-icinx system (и) ngina exit nozzle tests 
(е) Structural specimens 

(d) Badome erosion tests 

(o) Wing skin wrinkling tosta 


B, Test Program 


(1) Rocket Цодо18 = 
Construct three identical scale models for trsnsonic 
and supersonic test by NACA, Rocket power plant to be 
furnished by МАСА, 


(2) Low Speed Wind Tunnel Tests - 
a) Construct one scale model and test іп СУАТ, tunnel. 
b) Furnish data for МАСА to construct and test spin model 
and free flight model. 


TEAL‏ مهو 
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(5) High Speed "ind Tunnel Testa = 
(a) Construct one scala model and test in Coop tunnel. 
(b) Modify (a) for test by NACA in 6 x 6 ft Hoffet 0 
supersonic tunnel. 


С. Mockeup 


Construct full scale mockeup of the proposed airplane with 
WAC Ү267-1-1 engine, including simulated radar disolay and instru- 
ment lishting, “ock=up of special tools and ground handling equipe 
ment shall be provided for necessary demonstrations. 


D. Operational Data 


Prepare 10 copies of report covering operational utilization 
with information to substantiate the potential #111 probability 
against a variety of targets with different performances. 


Eo Reports to be submitted as follows: 


40 copies monthly progress reports, containing summary of 
current status, design changes, dascriptions of design 
work, tests, otaa, photographs and drawings and summaries 
of official contacts with various outside activities. 


5 соріөз monthly fiscal report 
5 copies monthiy weight and balance report 


20 copies report outlining program for detail design, tooling, 
fabrication and ground testing of the experimental aircraft, 


5 copies report of proposed experimental flight test program 
including scope, number flights, flight Honno instrumenta- 
tion and data to be obtained 


10 copies report on proposed production program including 
following: 


ao Exploded views including description illustrating the 
following: 


(1) General configuration 

( Master assembly sequence of complete aircraft 
) Assembly sequence of пчјор components 

) Internal arrangement of structures 

) Method of equipment installations 

) Accessibility of components 

) Nethod of fabricating components 


CON PIDENTIAL 


% О | Serial Ко, 51-95 


CONVAIR, SD Date 27 July 1954 


| Page 5 
CONFIDENTIAL Revised 6 August 1953 


bo General construction details., 


(1) Special techniques and manufacturing prosesses. 
(2) Interchangeability of varts. 
a Лзе of forgings and extrusions by number and weight, 
' Method of handling assemblies and analysis of flow 
time. 
(5) Total number of parts, 


Ge Gontractor's capabilities. 

(1) Facilities involved, government, contractor and 
subcontractor owned, including data on manufacturing 
technique, transportation, airport facilities, sub- 
contracting structure and past experience. 


(2) Produc tion delivery schedules up to 15 aircraft per 
month, 


(3) Manhours required for production rate of 10, 20 and 
20 aircraft per month including workload required 
by other contracts. 

(h) Summary of CFE and GFP which may cause delaya to 
above schedules. 

de Cost 
Ө. Mnancial status 


f. Materials 


г. Alternate additional work (costs to be listed separately) to cover the preliminary 
design of a Pilot's Capsule as follows: 


(1) Preliminary design of capsule 


(2) Wind Tunnel testing 
(а) Construct one scale model for low speed tests ln СУАТ tunnel, 


(b) Construct one scale model for high speed tests in Coop "ind Tunnel. 


(3) Construct full seale mock-up of capsule, 


8. Туре of Engineoring Proposed: (Drawings, Lofting, Handbooks, Technical Data, 232) 
See Detail Work Statement 


9. utes of Tooling Proposed: 

ase I study only of experimental and production tooling. 
Вид ARS of Manufacture Proposed: 

Phase I study only of experimental and production manufacture. 


7 © -О 


CONFIDENTIAL Revised 6 August 1953 
CONVAIR, SD ۱ Serial No. 51-95 
Date zt July 1951 
түре ө of Plight Program Proposed: Page 4 


zesg 2 study only of experimentai flight program. 


12. Delivery and Shipping Instructions: 


iock-up inspection not later than 9 months after go-ahead with all 
data and reports submitted to “ADC within two weeks after completion 
of mock-up inspection. Sufficient wind tunnel testing shall be 
accomplished prior to mock-up inspection to substantiate low speed 
апа hish spead performance, 


15. Major Purchased Items Required s 


Phase I study ۴ (minor items will bo оагопавей for model test 
programs and mock-up as required). 


lh. Capital Facilities Required: 


Rework end axpangian cf "amp facilities is required for Radome rain orosion 
testing ав desoribed in Paragraph 7۸ (2) а. 


15, Proposed Program Schedule: ۱ 


Phase I as described above. 


Applicable Specifications or Descriptive Data Available for Estimating 
ЕЕ 


(а) AF Secret itr WOSUPF/NiR/mlt, 16 July 1951 and attached АР 
Confidontial :entative Statement of Work WOSUPF/NHR/s m, 
15 July 1951. 


(b) Convair previous preliminary design proposal (data on file 
in Preliminary Design). 


16 


€ 


17. Engineering Coordinator Assignod: С. A, Mohr Phone По. 1002 & 1005 
18. Schedule for Departmental SEL Estimates and Data to bs Submitted to 


та in proposal وی نت‎ 


Prepared by: 
ENGINEERING PLANNING & ESTIMATING 


oc: Р.У. Fink К.Н Shick 
J.F.Schirtzinger H.P Dunholtemp 
N etd ù Bouley ۶ 2 J,Dublin 
в, Davis H.R.Kennady 
A, Burstein R,A,AÀckley 
RaT Bayless G.G,Green 
д.п 7٦ Ltoore 
С.С Christensen С aA „Мойт 


C.L.Meador Eng ә Filos 
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COST PROPOSAL OUTLINE 


MX-155h PHASE 1 DEVELOPMENT PROGRAM 


le Proposal requested by АМС in letter а 16 July 1951 
2, For submittal to MS = USAP » ۵ dc 
зрозај 1 to bo submittod: To be taken to ون‎ Field for 


preliminary а on Angust 9, 1951, prior to official discus- 
Bion requested in above letter during week of 13 August 1951. 


Уре of Bia Desired. Firm. 


5» Typo of Contract ے‎ јад To be determined by Gontracts 


ing SPFOXT mately в i0 mont "Period ОТОЧ 
tests necessary. 60 sub tad lato the гүн 2 Stability 
and controls detailed бөө 622, 1065 and: operational даба; and 
"monthly progress reports. 


~, 


То Doteil Work Statement: 


Ао Design: 12 


(1) Extend preliminary design of вігрігпе to include drawings 
(essentially as previously prepared for proposal) in greater 
detail per AF Specs |0110 and 0111. 


(2) Alternate additional work (8584 to be 118564 БИКЕ 5o 
includó experimental tests аз diu тен of components of the 
following: 


(а) #61 system 
(b) Anti-1cin$ system | , 
(c) Control system 
(d) Structural speolmens 
(a) Radome ` 


В. Test Program 


(1) Rocket Models = | | 
Construct three identical scale modals for transonic 
end supersonic test by NACA, Rocket power plant to be 
furnished by КАСА, ! . 


)2( Low Speed Wind Tunnel Tests - | 
s Construct ono scale model and test in СУАТ, tunnel. 
b) Furnish data for NACA to construct and test spin model 
and froo flight model. . 
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(3) no Speed Wind Tunnel Tests = ЭР 
(а) Construct ona scale model and test іп Собр tumel. 
(b) Modify (a) for test by NACA 6 x 6 ft Moffet Field 
supersonic tunnel ےم‎ 1 | 


0, Mook-up 


| Construct full scale mock-up of the proposed airplane with 
WAC YJ67-W-1 engine, including simulated гадар display ahd instru- 
ment lighting, Мосор of special tools end ground handling oquip= 
ment shail be provided for necessary demonstrations. 


Do Operational Data 


$ Prepare 30 gopies of report covering operational utilization 
with information to substantiate the potential kiil probability 
against a variety of targets with different porformerices. 


Ee Reports to be submitted as follows: 


30 copies monthly progress reports, containing summary of . 

` current status, design changes, descriptions of design 
work, testa, otio., photographs and drawings and summaries 
of official contacts with various outside activities. 


5 copies ion thiy Fiscal report 
5 copies monthly weight and balance report 


20 copies report outlining program for detall design, tooling و‎ 
fabrication and ground testing of the experimental aircraft, 


5 copies report of propobed experimental. flight test program 
including зборь, number flights, flight hours, instrumonta= 
tion and data to be obtained 


10 copies report on proposed production program including 
following: 


во Exploded views including description Lllustrating the. 
following: 


(1) General configura tion 
(2) Master assembly sequence of complete aircraft 
(5) Assembly sequence of major components 
(4) Internal arrangement of structures 
(2) Method of equipment installations 

(6) Accessibility of components 

(7) Method of fabricating components 


CONFIDENTIAL 
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Do General construction details. 


(1) Spsoial techníques and manufacturing processes. 
(2) Interchangeability of parts.. 
(3) "se of forgings and extrusions by number and weight. 
mU ee of handling assemblies and analysis of flow 
time. 
(5) Total number of parts. 


во Contractor's capabilities. 
(1) 2٥11168 involved, government, contractor and 
subcontractor owned, including data on manufacturing 
- ۶ technique, transportation, airport facilities, sub=- 
contracting structure end past experience o 


(2) Produc tion delivery schedules up to 15 aircraft per 
mon th o 


(3) Manhonrs required for production rate of 10, 20 and 
50 aircraft por month including workload required 
by other contracts. 
(Ц) Summary of CFE and GFP which: may cause delays to 
above achedules. ` 
do Cost ` 
во Financial status 
f. Materials 


8, гуре of Engineering Proposed: (Drawings, То? ав. Handbooks, 


Sea detaili work statement 
9. Type of Tooling Proposed: 
Phase I study oniy of experimental and production tooling. 


10. үре, of Manufacture Proposed: 


Phase I study only of axperimental and production manufacture. 


11. үре of Plight Program Proposed: 


Phase I study only of oxperimental flight program. 
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12. Delivery | 


Mock-up nar not later then 9 months after go-aheed with ali 
data end reports submitted to WADO within two weeks after completion 
of mock-up inspection, Sufficient wind tunnel testing shall bo 
accomplished prior to mock-up inspection бо substentiate low speed 
end лон speed performance o 


Phase I study only (minor items will be purchased for model test 
programs end mock-up as required), 


Capital Facilities Required: 


None for the Phase I programe 


11 


15. Proposed Program Scheduis? 
Phase І ав described above. 


16, Appi 


(a) AP Seoret it» пази i/i 6, 16 July 1951 and бао реп: АР 
Confidential 6 Statement of Work 00۸ 


13 July 1951. 


(о) Convair previous preliminary design proposal (даба on filo 
in Preliminary Design) " 


17. Engineering Coordinator. ۰ب۸‎ 0. As Mohr Phone No, 1002 & 1005 
18. Schedule for Departmental Cost Estimates and Date, to be Submitted to 

Contracts 106:08 13001671 10 о Бо supplied by | Dopapbomenu or arrived 
аб їп proposal meoving) | | 
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CONSOLIDATED VULTEE AIRCRAFT 0و‎ AVOI DOV ERBAL ORDERS 


SAN DIEGO DIVISION . . SAN Diis CALIFORNIA 


то — ВУ Moore рр, 6 РАТЕ ___3 August 951 | 
7 Subject: Cost Proposal - MX1554 Phase I 


Development, Program — No. 51-95 
It is estimated that 500 man hours will be needed for our work concerning 


mockup, special tools and ground handling equipment. 


| 
| 
| 
| 
| 


SUC 


H.ASnnedy SIGNED DEPT. PHONE 
Ч. } кәр ۱ = Service Engrg 4432 


` FORM 1008-0-4 


= Q 


(А) static Force Progr 
` Design 1000 hrs at 2.25 
Shop 6500 hrs at 3.50 
Material | 
rx) Testing 450 hrs at $45.00 
| Dept. 61 labor 6000 ko at 2.25. 


‘Engineering (Dept. 6) labor 
Aero 1800 hrs at 5.00 
Dynamics 50 hrs at 5.00 
Stress 100 hrs at 5.00 


TOTAL 


@) Dynamic Derivative Test Program 
Model Design 
Dept 61-1400 hrs at $2.25 
Test Lab - 400 hrs. at $5.00 
Shop - 6500 hrs at: $3.50 


Material 


SECRET 


| 


Q 5 


SECRET 


WIND TUNNEL MODEL PROGRAM AND AERODYNAMICS 
COST ESTIMATE FOR 1954 INTERCEPTOR (Cont'd) 


(5) Dynamic Derivative Test Program (Cont'd) 


Testing 
Tunnel = 150 hrs at $45.00 = 6, 800 
Dept 61 labor 2000 hrs at $2.25 = 4,500 
Test Lab 450 hrs at $5.00 = 2,250 
Engineering 
Aero 600 hrs at 0 | z 3,000 
Dynamics 1500 hrs at $5.00 z 7,500 
Stress 100 hrs at $5.00 = 500 
TOTAL = $53,900 
(c) Spin Test Program in NACA Spin Tunnel 
CVAC to furnish lines information and 
weight and inertia data to NACA who 
will design, construct and test the 
model. 
Engineering (Dept, 6) 
400 hrs at, 5.00 = 2,000 
Liason of test | 
150 hrs at 5.00 - 750 
2,750 


( ) Free Flight Test Program for NACA Free Flight Tunnel 


NACA to build, and test model based 
on same information as was Supplied 
for spin model 


Liason of test 
200 hrs at 5.00 = $1,000 


| 
| 
| 


Q Q 


WIND TUNNEL MODEL PROGRAM AND AERODYNAMICS 
COST ESTIMATE FOR 1954 INTERCEPTOR (Cont'd) 


Shop 8000 hrs at 3.50 = 28,000 
Material = 4,500 
Testing 200 hrs at 3609. o sË = 120,000 


Ферт Jf mec «а. @ Э.уо = a/m 


Design 1400 hrs at. 2.25 - 3,200 
| Engineering (Dept. 6 ) labor 


| Aero 1600 hrs at 0 = 8,000 


namicg 150 hrs at 5.00 = 750 


TOTAL, = 


| 
| Stress 450 hrs at 5.00 = 2,250 
| 
| 
| 
| 
| 


„`` 


| ۱ ۱ | _in NAGA Атев Laboratory E 
| | “supersonic wind “tunnel (бека 27 
| Design of additional parts. and ар te: 
| Design 600 hrs at 2.25 = 1,350 
| Shop 3500 hrs at 3.50 = 12,250 
| Material z 1,500 

Testing = All tunnel charges are 6.7, 

Engineering (Dept. 6) Labor 

Aero 1200 hrs at $5.00 s 6,000 

| Dynamics 100 hrs at. 5.00 = 500 у 
| Stress 200 hrs at 5,00 ЕЕ 1,000 


| TOTAL = $22,600 


SECRET 


WIND TUNNEL MODEL PROGRAM AND AERODYNAMICS 
COST ESTIMATE FOR 1954 INTERCEPTOR (Cont'd) 


Design 1100 hrs at 2.25 = 2,500 
Shop 15,000 hrs at 3.50 = 52,500 
Material = 4,500 


Engineering (Dept. 6) labor 


Aero 500 hrs at 5.00 = 2,500 
Dynamics 600 hrs at 5.00 = 3,000 
Stress 250 hrs at 5.00 = 1,250 
Grand Total $66,250 
(вт EE өр ч“. MEE SM s - EM J = = = = =з = m че = ээ FF ہے‎ - F ча ям جيئ‎ ~ = 


10 months time with average of 
| J4, 260 CZA ли 
Зап level --------- hrs 


= $62,500 


3 August 1951 
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AERODYNAMIG PROGRAM FOR 


I Low Speed wind tunnel program in CVAC 8' x 12' wind tunnel 


Design 275 hrs at 2.25 С = 6,200 
` Shop 2000 hrs at 3.50 ег - 7,000 
Material s «500 

` Wind Tunnel Testing ۱ 
70 hrs at $45.00 ит = 3,150 
Dept. 6 labor 1100 hrs at 2.25 ЖҮ = 2, 500 

Engineering 

500 hrs at 5.00 = 2,500 
Total = 21,850 


II High Speed wind tunnel program in Cooperative Wind Tunnel 


Design 350 hrs at 2.25 ti = 800 
Dept. 31 test labor 250 hrs at 3.50 ~ E 880 
Shop 3000 hrs at 3.50 کے‎ = 10,500 
Material 74 = 1,000 
Wind Tunnel Testing - 75 hrs at $600 ег = 45,000 
Engineering - 700 hrs at 5.00 = 3,500 
Total $61,680 
III Aerodynamic Analysis not connected with a particular tunnel 
rogram 
1400 hrs at 0 = 7,000 
GRAND TOTAL $90, 530 
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е Q 
CONVAIR 


INTRA - COMPANY CORRESPONDENCE 
SAN DIEGO; CALIFORNIA 


2 August 1951 
Engineering Planning and Estimating 
Radio Interference Design Considerations MX-1554 


Reference is made to memorandum dated l4 June 1951 entitled Radio 
Interference Test for MX-1554. Estimates for interference testing of 
the prototype model were submitted and totaled 560 EGS man hours, plus 
approximately two hours of flight testing by the pilot. It was antici- 


pated that the prototype ship would be the first available item. Phase . 


one of the Preliminary Design and Mock-up was not considered at that 
time. 


It is now determined that an estimate is required for the Mock-üp 
stage. This estimate would cover: the inspection and analysis of the 


Mock-up layout. In addition, thereto, a study of the Mock-up drawings 


is required, The coordination of the above findings would be covered 
in a memorandum report and would include recommendations for best in- 
stallation practice, with regard to radio noise elimination in this 
airplane. It is estimated that the above work will require approx- 
imately 160 EGS man hours. 


Prepared bys: 
| й 2 б 79227222 
C. W. Ketteman 
Radio Interference Group 


Dx W. S. Ivans, Jr. 
AM Electronics & Guidance Section 
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CONVAIR> | 5 


2 August 1951 
Radio Interfarance Design m S54 


саде to төселеді dated Ц. June 1981 санд Rao‏ موس 


Jt خ‎ now dotomined thet an estimats is required fur the Koskamp 
Stago. This estimate would cover the inspeotion and analywis of the 
laycut, In addition, thereto, a atudy of thé Hockeup dravings 
de roquired, Tho coordination of the above findings would bo covered 
in a mamorandim report and would inelude recommendations for boob ine 
ótollotios practieo, with rogard to radio појео elimination in this 
óivpleno, It іс eatinated that the above work vill roquire spproxe 
inntaly 160 208 man lourd: 
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608 
19 July 1951 
R. C, Pederson . 
J, G, Zevely 
Request for Estimate ~ Control No, AX-3 


(а) AMO. 1t», WOSWE/NMR/nit dated 16 July 1951; 
subjeot: Design Competition for a New Interceptor 
Fighter Aircraft 


12 Reference (a) requests cost estimates for Phase 
I development of the Interceptor Fighter, Phase I development, 
ав outlined in a tentativo statement of work, includes the 
construction of a mock-up, tests necessary to substantiate | 
the airplane performance, and certain detailed technical, 
logistica, and operational datas 


| 2. А сору of the tentative statement of work has 
‘been provided the Enginesring Department, 


3. It is requested that the estimated costs and 
Department 1 not. later than 8 August: 1981, 

7 Ву copy of this memo, the Engineering Department 
is requested to prepare tho necessary cost proposal outline | 


1n accordance with the schedule established by the Estimating 
Departmont, 


сс - Engineering via Estimating 
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CONVAIR шейін 
EIDE 141. улов GROUP WOR 
Reference (a) WCOWP/NIR/sm dated July 13, 1951 
НОТЕ: Headings as in Reference (а). 
В. До, | 600 کا‎ 
1» Obtain aif load, pulsing control, trajectory 
and instrumentation informution for dosign 
of modole | р” 
1 Speed Vind tunnel Годо18 1900 ^ 
1. Obtain air loads for design of static 1۸ 
2. Obtain nir loads, establish test program 
and obtain Stability derivatives for a 
dynamic models 
| Ж “A 
ced Wind Tunnel Models 100 
le Obtain air loads for design of static model 
Be ational Ба: | 600 
16 Prepare data on hill probability and 
vulnorability 
Р. E8ngincoring Data 
1. Aeroolastic investigation 2000 
2e Air loads m 1700 
3. Нагаа Це, trim and feel system requiremonts — | 300 | 
۱ @ | 
4» Dynamic stability J-/^-e 1000 736 


Ss Liaison vith Hughes on control, stability +/°%7 3060 
and guidance е. 


б. Monthly Progress Reports | — A99. 22 
11,100 
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ИХ-1554 PHASE I DEVELOPMENT PROGRAN 


1. Proposal requested by АМС in letter WCSUP/NWR/nlt, 16 July 1951 
2, For submittal to АМС = ОЗАР < ۵ 


5. Date proposal is to te submitted: To be taken бо; iright Fisia for У 
preliminary discussion on August 9, 1951, prior 65 official E 
sion requested in above letter during week of 15 August 1951. 


he 


бо Type of Contract Contemplated: То و سی‎ by Contracts 
(probably CPP) єз 


6. General Description of تس‎ and/or Services: Phase I ۶ت‎ 00 
covering approximabeiy a ТО month period iéluding mockup; model 
tests necessary tio رہ‎ е the alrplane performanca, stability 
and control; detailed technical, Logistics and operational datas; and 


monthly progress reports. 


roe of Bid Desired. Pirmo 


"+ 


To Detail Work Statement: . 


БАЈ VS 


2) Extend preliminary design of airplane to include drawings 
‚ {essentially as previously prepared Md proposal) in, | greater 
detail per AF Specs 10100 and hor 


(2) Alternate additional work (costs to be listed separately) to 


include experimen talVtests аз required of components of the 
following: Gans вере 
(а) ње узт. ‚ @ مش‎ (+) 
b An 53-31 016, system . Я 


аз. Stmotural шо. 
23 ее» еее میت جوم‎ 


Ф В+. سو‎ БА 


B, Test Progrem 
scale models for transonic 


(1) Rocket Models = 
Construct three identical 
end supersonic test by NAGA. Rocket power plant to be 
furnished by. КАСА, 

(2) Low Speed Wind Tunnei Tests < 
(а) Constract one scale model зла test in OVAL tunnel. 


b) Furnish data for НАСА to construct and. test spin model 
and free flight model, 


сонр ТАТ, 
наан ٣ ЖАМА, IO س‎ HR 


سے 
а‏ 
t‏ 
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(3) High Speed Vind Tunnel Tests = ۱ 
(a) Construct one scale model and test in Coop tunnel, 
(b) Modify (а) for test by NACA in 6 x 6 ft Hoffet Field 
Supersonic tunnel. 


С. Mock-up 


Construct full зоате mock-up of the proposed airplane with 
WAC Ү267-М-1 engine, including simiated radar display and instru- 
ment lighting. Mock-up of special $0013 and ground handling equip- 
ment shall be provided for necessary demonstrations, 


De Operational Data 


Prepare 10 copies of report covering operational utilization 
with information to substantiate the potential kill probability 
against a variety of targets with different performances. 


Е. Reports Бо be submitted as follows: 


"50 copies monthly progress reports, containing summary of 
current status, design changes, deseriptions of design 
work, testa, otca, photographs and drawings and summaries 
of official contacts with various outside activities. 


5 copies monthly fiscal report 
5 copies monthly weight and balance report 


20 copies report outlining program for detail design, tooling, 
fabrication and ground testing of the experimental elreraft. 


б. copies report of proposed experimental flight test program — 
including scope, number flights, flight hours, instrumentas 
tion and data to be obtained | 


10 copies report on proposed produc tion program inciuding 
following: 


ао Exploded views including description illustrating the 
following: | 


(1) General configura tion 

) Master assembly sequence of complete aircraft 
) Assembly sequence of major components 

) Internal arrangement of structuras 

) Method of equipment installations 

) Accessibility of components 

) Method of fabricating components 
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Do General construction details. 


(1) Special techniques and manufacturing processes. 

(2) Interchangeability of пат? зо 

(3) зе of forgings and extrusions by number and weight. 

(lh) Method of handling assemblies and analysis of flow 
time. 

(5) Total number of parts. 


са Contractor's capabilities. 


(1) Facilities involved, government, contractor and 
subcontractor owned, including data on manufacturing 
technique, transportation, airport facilities, sub- 
contracting structure and past experience. 


month, 


(3) Manhours required for production rate of 10, 20 and 
50 aircraft per month including workload required 
by othor contracts. 


(1) Summary of CFE and GFP which may cause delays to 


| 
| (2) Production delivery schedules up to 15 aircraft per 
x above schedules. 


do Cost 
өс Minancial status 


f. Materials 


۱ р 1 
š њиви DE: E pum да 


8, Type of Engineering Proposed: (Drawing es, Lofting, Handbooks, 
9e іса асер 610 о 


See detail work statement. 


9. Type of Tooling Proposed: 


Phase I study only ot experimental and production tooling. 


e Туре of Manufacture Propo sed: 


Phase I study only of experimental and production manufacture. 


| 
il. Type of "light Program Proposed: 


Phase I study only of experimental flight program. 
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Date 


12. Delivery and Shipping instructions: 
Mook-up inspection not lator than 9 months after go-ahead with 1 
data and reports submitted to САГС within two weeks after completion 
of mockeup inspection, Suffioient wind tunnel testing shall ba 
accomplished prior to mock-up inspection to substantiate low speed 
and hich speed performance. 


15, Major Purchased Items Веди кей: 
Phase I study only (minor items will bo purchased for model tast 
programs and mock-up as required). ۱ 


+ 


ll. Capital Facilities Reguiredt: 


| буд وہ‎ fare nc of Же-р РАУ АЯ жа. — rat (Z | 
UNE ү: дее ہہ شس‎ IA) d, 


15. Proposed Program Scheduies 


Phase І as desoribod above, 


16. А plicable Specifications or Descriptive Data Available for Estimatin 
ХҮТТҮГТҮН 


(a) AF Secret ltr WOSWP/NMR/Amt, 16 July 1951 and attached АР 
Confidential tentative Statement of Work WOSWP/NMR/S m, 
15 July 1951, 


(b) Convair previous preliminary design proposal (data on file 
in Preliminary Design) » 


C. A. Mohr Рһопә No. 1002 & 1003 


17. Engineering Coordinator Assigned: 

18, Schedule for Departmental Cost 
Gontracts Devartment (50 ba 60۵ 
at in proposal mooving) 


tes snd Date te be Submitted to 
Dy Contracts Doparümene or arrived 


Prepared by: 
ENGINEERING PLANNING & 0 


оо: Pall, Fink R.H Shick 
J.P Schirtzinger H.?.Dunholter 
N.W.Bouley M. J Dublin 
FU Davis H.R.Kennedy 
Ae Burs sin R.AcACKLOY 
RJ: Bayless 8,6 „Стоева 
7ء ء3‎ 709 
С C Christensen С „А „Мойто 
С L. 7 EAG o Files 
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Extend preliminary Seaton of airplane to include drawings‏ روا 
(essentially as previously prapared for proposal) in greater‏ 
рее AF Speos 1.0110 and how.‏ ها مه 


| 

| | 

| و1‎ Proposal requested by АМС In letter ПОВИР/ММВ/ 16, 16 July 1951 

| 2, For submittal to AMC < USAF < WADG 

| За Date proposal їз to bo submitted: To be taken Бо "right 73614 for 
preliminary discussion on August 9, 1951, prior to official discus- 3 
sion requested in above letter during week of 15 August 1951, 

| he Type of Bid Desired. їгс 

| : 

| 5e Type of اع رو‎ Gontempiated: То be determined by Sontracts 

| (probably 7 ۱ ۳ ۶ 4 

| | 

6, General Description of Articles and for 5291731603: Phase I áevelopment 

| covering approximately a 10 mon БА sorted inefuding mockup; model 

| tasts песеззагу to substantiate the sirplsne porformance, stability 
and control; detailed technical, logistics and opera tional datas. and 

| monthly progress reports, 

| То Detail Work Statement: 

| 


(2) Astata se additional , work (costs to be listed separately) to 
include шээг components of the 


followings | 
| ےس مم اھ مر یہ‎ tom pe 
(8) Fuel, systems? 


| (b) Anti-eiLeine system 
(c) Control system 


(d) Structural specimons 
(9) Radome И L | 


СВ ےو‎ Lan 
B. Test Program У, © 


(1) Rocket Models = 
Construct three identical scalo models for transonic 
and supersonic teat by NACA, Rocket power' plant to bo 
furnished by NAGA. 


° (2) Low Speed Wind Tunnel Testa = 
| ۳ i Construct one scalo model and test: in СУАТ, tunnel. 
| b) Purnish data fox МАСА to construct and test spin modal 


and frea flight model, | i 


„бог тата, | | سے‎ 
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(5) High Speed Чала Tunnel Tests = 
a) Construct one scale model and test in Coop tunnel. 


(b) Modify (a) for test by NACA іп 6 x 6 ft Hoffet ۵8 
supersonic tunnel. 


Co Мо ck-up 


| ( Construct full scale mook-up of the proposed airplane with 
| _ ђе ЖАС YJ67-Wel engine, including simulated radar display and instru- 
| ( ment lignting. МосКепр of special tools and ground handling equipe- 
| ment shall be provided for necessary demonstrations, 


Da Operational Data 


| Prepare 10 copies of report covering operational utilization 
| LAC with information to substantiate the potentiel kill probability 
| against а varisty of targets with different performances. 


| Ee Revorts to be submitted as follows: 
current status, design changes, descriptions of desig 


work, tests, otc., photographs and drawings and summaries 
| of official contacts with various outside activities. 


x 40 copies monthly progress reports, containing summary of 


¿2 5 copies monthly fiscal report 


беж" 5 copies monthiy weight and balance report 
20 copies report outlining program for detail design, tooling, 
سم‎ ۰ fabrication and around testing of tho experimental aircraft. 


5 copies report of proposed experimental flight test program 
а. including scope, number flights, flight hours, instrumenta- 
tion and data to be obtained 


10 copies report on proposed production program including 
following: 


ao Exploded views including description illustrating the 
following: 


(1) General configure tion 
(2) Master assembly sequence of complete aircraft 
(5) Assembly sequence of major components 
ms Interne] arrangement of structuras 
-(5) Method of equipment installations 
(6) Accessibility of components 
(7) Method of fabricating components 
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b. Gensral construction dotails. 


(1) Speciai techniques and manufacturing processes. 

(2) Interchangeabllity of parts. 

(3) Лзе of forgings and extrusions by number and weight, 

(1) Method of handling assemblies and analysis of flow 
tims. 

(5) Total number of parts. 


сә Contractor's capabilities, 

(1) Faellities involved, government, contractor and 
subcontractor owned, including data on manufacturing 
technique, transportation, airport facilities, sub- 
contracting stiucture and past experience. 


(2) Production delivery scheduies up to 15 aircraft per 
month, 


(3) Manhours required for production rate of 10, 20 and 
30 aircraft por month including workload required 
by other contracts. 
(h) Summary of CFE and GFP which may cause delaya to 
above schedules. 
de Cost 
وه‎ Financial status 
T. Materials 


: (Drawings, Lofting, Handbooks, 


Seo 98985811 work statement. 


9. Type of Tooling Proposed: 
Phase I study only of experimental and production tooling, 


10. Type of Manufacture Proposed: 
Phase I study only of experimental and production manufacture, 


11. Type of Might Program Proposed: 


Phase I study only of experimental flight program. 
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Delivery and Shipping instructions: 


Mockeup inspection not later than 9 months after go-ahead with all 
data end reports submitted to VADO within two weeks after completion 
of mockeup inspection, Sufficient wind tunnel testing shall be 
accomplished prior to mock-up inspection to substantiate low speed 
and high speed performance. | 

Major Purchased Items Required: 

Phase I study only (minor items will be purchased for modal test 
programs and mock-up as required). 


Capital Facilities Re 133 ۵6 ۶ 


None for tho Phase I program. 


Proposed Program Schedule: 


Phasa I as described above, 


Applicable Specifications or Descriptive Data Avallable ror Estimating 
1000 3 : 
(а) AF Secret ltr WOSWFAMRAnIt, 16 July 1951 and attached AF 
Confidential Jentative Statement of Work "CSWF/WMR/a m, 
14 July 1951. 


(b) Gonrair previous preliminary design proposal (data on file 
in Preliminary Design). 


Engineering Coordinator Assipnod: 0. A. Mohr Phone Ho, 1002 & 1005 


Schedule for Departmental Cost Estimates and Data бо be Submitted to 
Contracts Devartnent (50 be suppiied by Contracts Department or arrived 


at in proposal moeving) 


со: 


Prepared by: 
ENGINEERING PLANNING & ESTIMATING 


Е «Pink | П.И sohiek 

Schirtzinger H,P.Dunholter‏ ول 
N W.Bouley H.J. Dublin‏ 
Е." Davis H.R.Kennedy‏ 
٣٦ھ‏ ۸۔ ا A, Bars tein‏ 
Rol). Bayless G,G.Groon‏ 
J.G.Zevolyg 8‏ 

G.G Christensen С.А „Мойт 
0+ 7 Eng, ۵ 
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HISTORY AND PURPOSE 
OF THE F-102À 


The distinctive triangular shape. of the F-102A's 
deltá wing is only one of several aspects of this air- 
plane which make it unique. 

For this is not опђу а new airplane design — it is 
also a member of a new family of military aircraft 


known :as áll-weather interceptors, of "bomber 
destroyers.” 


20 this task of bomber Чамтай л was 


other 123, 


Büt in our time — in the decade since World 
War II — aircraft speeds have made óbsoléscent the · 
acuity. of the human eye, the quickness of human 


muscular coordination. The pilot of today's super- 


sonic Е-102А approaches а supersonic target. at such. . 
tremendous speed that if he depended upon his eyes: 


to lead him to the target, he would ‘have flown sev: 
eral miles. past it by the time. he could fite upon it. 


Thus has the interceptor become a distinctive 
weapon, specifically desigtied for bomber destruc- 


tion, manned by a professional pilot who. not only 


is ай airman. of consummate skill, but also à tech- 
nician wlio .knows intimately the аегодупатис апа 


electronic Capabilities. of his airplane. 
"Today's F-102A 15 the result of Ан Force fore- 


у As Уны as 1945, i it was اس‎ 8 ко 


ie... Ros. 


2 that yéar, Convair was designated to make 
о Жэн studies for stich, an перси The 


KE92A, which а flow Sept. 18, 1948. “Then, in 


1951, the Air Force asked the nation’s, aircraft éom- 
panies to submit their design ideas on a ttue inter- 
ceptor, that would be able to find and destroy 
potential enemy bombers. that were expécted to be 
flying in the period 1955-58. Several companies 


2 ade: proposals; and the competition was keen. Con- 


уа 5: delta. -wing design was the most radical of all 


those submitted — but it was backed by the experi- 


ence already gained with tests of the XF92A, and 
it was the one the USAF acceptéd. The result is 
today's Е-102А. 

This i$ a big airplane, compared to the old-time 
fighter — almost the sáme size as а medium: bomber 
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of World War Il. This size is needed to provide · 


space for the equipment needed in the interception 
mission — a strapping big Pratt & Whitney pi -57 
enging; space for the تن‎ brains وین و‎ 
cubic feet of space ; within the шанг ы the air- 
plane); and.space inside the fuselage to store missiles 
جو‎ rockets. 


ment t the ‘pilots, $,0Wn Vision: — 02 só. Баце elecirónic 


muscles with their split-second reactions, to guide the 
airplane onto the target, and to discharge the air- 
plane's missilés and rockets at the proper moment 
to achieve a kill. 

To develop ап airplane that would meet these 
requirements, yet.also slice through the sound barrier 
with ease, was а task of magnitude. It was necessary 
that design of the electronic components and the 
armament be closely coordinated with design of the 
airplane, so that the-interior spaces provided in the 
airplane-would be adequate, yet that nó space would 
be wasted. The:Hughes Aiicraft Co., of Culver City; 
Calif developed these systeins, working in close 
Ратну with Convair. The principal armament of 


the Ё-102А is-the. Hughes "Falcon" missile, launched 


from, the F-102A. while in. flight. 
In addition, new ‘aerodynamic knowledge devel- 
oped by the government's National Advisory Com- 


mittee for Aeronautics made a real contribution to 


the Ё-102А 85 success—specifically, the:so-called "area 


rule" which resulted in the wasp-waist effect of the 


| 
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airplane's fuselage (sometimes referted to as the 
“Marilyn Monroe" shape — but strictly unofficially, 
of course). | 

This came into being the F-102A of today — the 
only supersonic interceptor now in quantity"prodac- 
tion and in service with the USAF. | 

In the hands of Continental Air Defense Com- 
mand, it gives America néw capability to defend 
itself against enemy bomber attack, day or night, 
fair weather or foul. 
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production 


design and / 


of F102- A 


Design and manufacture of airplanes involves a 


unique combination of several, things—tradition, in- 


sight exploration of the unknown—and plain’ hard 


work, 


In. the design: phase, tradition stems back through. 


hundreds of years to the artisans of shipbuilding, whose 
technique of lofting hull lines is retained іп the super- 
бөліс plans of today. And aircraft design itself, thoügh 
scarcely fifty years old, has developed its own extensive 
body of Knowledge, which becomes thé ' "expérience" 


factor in evéry new airplane desigh. 


Insight апа hard.work come into play in combining: 


experience: with new information — better ‘materials, 
better ‘manufacturing methods, greater power plants— 


to. achieve aircraft designs capable of, the performance 
required of the aerial weapons. in: each.-era. 


--. 


- Insight is often aided. by the results. of research - 


forays into the unknown, constantly "under way in 
laboratories, ‘wind tunnels, and in the electronic. brains 


through: the $ouüd bartier, and now to assault the 50: 


called heat barrier, and tomorrow то sólve the.riddles of 
flight out beyond. the: earth's atmosphere. 


Аз man’s knowledge of flight progresses, it is re- 
presented. by each succééeding generation of aircraft. 
The Convair Е-102А design represents today's ђезе 


answer to the requirement for a high-altitude, high- 


performance intéfceptor that can operate—and. kill ап 


enemy—in any kind of weather, night or day. But in 


time it will be succeeded by ‘still more advanced 
weapons—thosé now on ihe project lists of Convait;s 
designers, for production in 1960, 1965, ава beyond, 

“This constant attitude of “looking "forward" was 
present, too, back. їп. 1948—when Convair flew’ the 
world's first delta-wing plane, the grandfather of 
today's F+102A,, whose detailed design began in. 1951. 

Since then, engineers: have been constantly at work 


on this airplane, devoting hundreds 0 
menhours of design time to pidpoint the shape and 
size and strengthof each. bit of material that goes: into 
the £-102A—so that each part of the aitplane is equal 
to its share-of the. total task of dependable performance. 


Е thousands of 


[ош ен ت کو وم سی‎ 0 радва مل ہے‎ цул c miri a с с یرس‎ — arm A мин 


And always; in the. ‘corner of the mind of the man 
at the drawing board, was the severest taskmaster. of 


all aircraft ‘people—weight. Not ай ounce could be 
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used that isn’t essential—for each.ounce will demand its 
own. penalty in altitude.and performance of the finished 
airplané. 

As the designs for each. of ‘these: individual parts 
of the airplane. were finished, they were released to 
дена, S shop, 0 à. P air- 
flat paper ул first were oened | to. the three 
diménsional reality of. actual;airplane parts. 

+ tunt 1 и ие took ma never a = 


thie t test pou wo ‘would. НИ? "theit 4 own. consum- 


mate ‘skill in the proving. flights. And Ьу thé time the 


day of first flight. came—they knew every rib of her 
frame, as intimatély ag the designers themselves. To: 
them, the sucess of the. first test flight-was pe another 


evolutionary stép in création of the. airplane 


Meanwhile, other highly-skilled people were at 
work, preparing the:way for volume 7102۸ production 


in the factory. Here, too, the key factors would be:ap- 
plied—tradition, ‘insight, new manufacturing methods, 
hard work. 


The ‘tooling, experts were busy—designing, and 
building the “cradles” in which each individual part 
would ‘be shaped. Some of the tools turned out to be 
two :stotiés high—othets in the scale of à micrometer: 
For the F-102A, overt 30,000 tools were needed, 

During this same period, the production planners 


and, materiel people were involved imn their own in- 
tricate calculations—deciding how much floor space 
would be needed fof the tools and for each, manufactur- 
ing operation; deciding: what portions of the 7.102 
would be built in Convait’s facilities, what. portions 
would, ре purchased from other companies; working ‘out. 
the sequence of production, and the flow of materials 


гапа parts into the production line: Orders were placed 


for raw materials: and parts to- be manufactüred by 
others. The. earliest of these orders when out many 
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months before production started—for thése. suppliers 
needed time «о боо! up and, manufacture, too. B 

Simultaneously, manpower was being organized for 
the manufacturing operations: А proven Convair 
management staff was assembled—with теп skilled in 
each of the phases of inanufactüring. Then shop-super- 
visors and. foremen -Were-selected,, and finally, the indi- 
vidual workers, with all their multitude of skills, were 
given detailed production. ‘assignments: 


Today, your plant tour will give you a glimpse of 


the end result of ‘this designing айа planning. We 
think you will probably agree with others. "who havê 


taken the tour—that the visit is interesting, and но: 
while. And we think that you may gain an undérstand- 


ing of the sense of pride that each of us at Convair 


feels who has had some part. án, the creation of this 


airplane. 


SPECIFICATION AND PERFORMANCE DATA. 


ft; 1.6. in.‏ .38 سس 
ONES ИИК 68' ft. 3.3 in.‏ 
ft. 2.0 in.‏ 18 سک سی مس ٹوو موه هش سب Height‏ 
Engine (Pratt & Whitney J-57-P-23)‏ 

Maximum speed... “ав Over. Mach Í іп Jevel. flight 


Авиа... a= Hughes “Falcon” air-to-air guided missiles; 
and folding-fin rockets: 


(Exact speed and other data cannot Бе 
revealed for reasons óf military security.) 


ENGINEERING “© 
DEPARTMENT | 


This is but a portion of the 
Engineering Department of Convair-San Diego. From 
here came the world's first successful delta-wing: airplane 
—the XF-92A, which first flew in 1048. It was here, too, 
where the design was laid down for a later delta-wing— 
the 1-102۸ all-weather Supersonic jet interceptor. More 
than 1150 епріпеёгѕ and technical specialists participated 
in development of the airplane from drawing board to 
the airborne craft. They included designers, aero-dynamic- 
ists, dynamicists, propulsion experts, electronics engineers 
and scores of others, who turned out literally tons of 
plans and blueprints, describing in detail each of the 
thousands of individual parts of the airplane. 
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The wind. tunnel played an 


important role “іп the development of the delta-wing 
F-102A, as it does with all new aircraft, Exact scale 
models of the. supersonic, all-weather. jet interceptor were 
tested in the tunnel to gather iiformation on. performance, 
stability and. control, and airloads. The test section, of 
“throat,” of the tunnel is 8 feet high and 12 feet wide. 
Models being tested can be observed from the. control 
room through a window made of 2-inch-thick bullet-proof 
glass. A huge 20-foot, 6-bladed fan driven by 2250 horse- 
power electric «motor produces winds up to 300 miles pet 
hour. The tunnel was built in 1946 at a cost of about 
$700,000. It is made of reinforced concrete. 

In addition to this tunnel, Convair shares an interest in 
thé cooperative. wind tunnel at California Instituté of 
Technology, where high-speed testing is carried on. Con- 
vair also operates a battery of wind tunnels for the U. S. 


Navy at Daingerfield, Texas, and will soón construct its 


own supersonic tünnel here at Convair-San Diego. 
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DIGITAL 
COMPUTER  . 


. Imagine 250 20- inch tele- 
vision 5666 lined up in this room, and you have a fairly 
accurate idea of the number of electronic Systems in this 
prodigous machine with a fabulous “memory. ]t has a 
10-decimal digit memory, and can store 16,384 words on 4 
magnetic drum, or 200, 000 on four magnetic tapes. lt can 
recall words from its electrostatic memory in 10- millionths 
of a second. It can perform. 44 operations involving 
arithmetic or logical choice, and can multiply 300 10- 
digit numbers a second, It was used to calculate such. 
things as flutter, vibration loads, air loads, and flight 
test data on the F-102A. The computer is operated 24 
hours a day, 7 days a week, and Convair pays an annual 
rental on it of approximately $500,000. 


ANALOGUE 7 
COMPUTER У 


ر 


Designed by Convair, this 
analogue computer is üsed to simulate aircraft flight, and 
to record flight behavior. Charactetistics of the airplane 
aré fed to the computer in the form of mathematical 
equations. It can solve some problems that could be 
solved in no other way and can. come up with answers 
in 10 seconds that it would take someone with a desk 
calculator two weeks to do. This computer has the re- 
putation of producing data equal to the output of some 
300 human mathematicians working in perfect accord. It 
has been in operation two years, and cost $1,200,000. It 
uses 900 amperes of electrical current, has 8000 vacuum 
tubes, 2000 relays, 100 miles of coaxial cable and 200 
miles of ordinary wire. 
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In shipbuilding 165. the keel 
that ties the boat together lengthwise. In the F-102A it's 
the longeron. This long aluminum “backbone’ is 
machined to shape on the Farnham Mill. Convair's five 
Fatnham Mills. range in length from 24 to 80 feet and 
cost from $200,000 to $200,000. The solid aluminum bar 
from which the longeron is to be shaped is bolted to the 
bed of the mill. A series of rotating cutters, mounted on a 
moving carriage, bew away the metal to a predetermined 
shape. This shape is dictated by a steel template mounted 
alongside the mill bed. The machine's tracer fingers, MOV- 
ing across the template, control the movements of the cut- 
ting heads, so that the finished longeron is an exact 
duplicate of the template. Longerons made by this inilling 
process are stronger and lighter in weight than comparable 
structures built up by splicing many individual parts 
together. 


A battery of 165 machines is 
set up here to make a wide variety of detail parts for the 
Е-102А, It is one of the most modernly-equipped machine 
shops in the industry. ЈЕ includes milling machines, turret 
and engine lathes, drill presses, jig borers, grinders, pro- 
filing machines, automatic screw machines and boring 
machines. 


SHERIDAN 
STRETCH PRESS 
(100 TONS) 


Principal use of this machine, 


‘with its powerful crab-like arms, is.to form sheets of metal 


into contoured ‘parts by stretching the metal over a form 


block. In the operation pictured here, a steel skin for the 


air intake duct is being formed. The ends of the metal 


are clamped into: vise-like jaws of the tension arms, Then 
as the arms pull, the form block is forced against the 
metal to impart the desired curve. This stretch and press 
sets the metal in the desired shape. Each tension arm is 
capable of exerting a 100-ton pull. 


CYRIL BATH: = 
SKIN. FORMING 
MACHINE 


Aluminum, skin coverings 
for air intake ducts on the F-102A, and circular engine- 
shroud ribs, are among the intricately contoured parts 
made on this machine. Its die mounting table, which turns 
while the part ts being formed, mákes possible the produc- 
tion of parts that are completely circular. The Cyril Bath 
forming machine can exert a pressure of 50 tons per square 
inch on the part being formed. It occupies 1760 square 


feet of floor space. 


Extreme heat from the jet 
engine would seriously damage the fuselage of the Е-102А 
if some protection were not provided. The protection is 
afforded by welding together large sheets of "waffle iron" 
titanium into 2 cylinder and rigidizing it with titanium 
tibs. Known as 4 wonder metal, titanium has the lightness 
of aluminum and the hardness of steel and is highly re 
sistant to heat. It is very expensive. A piece the size of a 
dollar bill 15 worth $20. The battery of ten welding 
machines used in making these shrouds uses enough elec- 
tricity to Supply the needs of a town of 3000 persons. This 
department uses 15 percent of the total power consumed in. 
this plant. 
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METAL |. ^ 
PROCESSING 


Aluminum parts for the 
7۰102۸ are tank-dipped here in either an alodine or 
anodize solution to prevent corrosion and prepare a sound 
base metal for receiving a protective coating of paint. 
Metal bonding of some parts also is done in this area. 
This is a process of joining metal sheets together in a 
"sandwich" which is cured under heat and pressure. 
Metal-bonded parts will withstand tensile loads of several 
thousand pounds, yet ate extremely light. F-102A access 
doors and cockpit sidewall panels are made by this process. 


RAM AIR 
DUCT ASSEMBLY 


In our plant tour, these are 
the first parts which. can be recognized easily as a portion 
of the F-102A. They are the intake air ducts, which feed 
air to the big, 7 jét engine. When the engine is operat- 
ing it creates à terrific suction that is capable of picking 
up a 200-:pound man and pulling him into the duct. This 
suction апа the terrific volume of air passing through 
these ducts requires an extremely smooth and rigid struc- 
ture. Otherwise the ducts would collapse. This rigidity 1s 
obtained by using unusually thick skin material, and sturdy 
interior ribs, The leading edge is made of stainless steel, 
to withtand damage from small rocks that sometimes are 
picked up during landing. 
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: When the barrel half-sec- 


tions are completed, they are set up on these 11-ton fix- 
tures to be mated, or tied, together. After the structural 
tying, electrical wiring tubing for various systems and 
other equipment is installed. With the primary work fin- 
ished, the section is then ready to go to the major fuse- 
lage mate section. 


2 BARREL SECTION > : 
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The portion of the fuselage 
which eventually will house the Е-102А% big J-57 powet 
plant is put together in this assembly area. This aft barrel 
section also supports the vertical fin of the airplane. Verti- 
cal fin panels and the forward section of the barrel are 
assembled separately—then joined together, and control 
and electrical equipment ís installed. The aft barrel sec- 
tion then is ready to go to the major mate area, too. 
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SUB-ASSEMBLY 


Heavy press-forged bulkheads 
weighing 75 pounds each are the sturdy skeleton of the 
F-102A/s fuselage. They shape the contour of the airplane 
and are the frames to which the wings later are. bolted. 
The bulkheads are fastened together by ribs to which the 
fuselage skin is riveted. 


'FUSELAGE 
- COMPONENT 
МАТЕ AREA کے‎ 


The F-102A goes through a 
stage of development here that gives it that sleek "wasp 
waist" shape. Here the three major sections of the fuse- 
lage are fastened. together— major mate” in shop termin- 
ology: Afterward, tubing; electrical harnesses, and various 
75ء‎ that have been: previously installed in the individ- 
ual sections are connected. Other systems also are installed. 
Hete, too, the fuselage is given a preliminary pressure 
check for airtightness—necessary for the pressurizing that 
permits the F-102À's pilot to be comfortable, even in high- 
altitude operations in the stratosphere. 
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This is the first major as- 


sembly component in the manufacturing sequence of F- 
102A wings. Uppet and lower surface skins are prepared 
for the delta wings of the F-102A on this machine. All 
rivet holes for fastening the skin in the rib spars 216 drill- 
ed and counterbored. These large one-piece sculptured 
wing skins weigh less than the old type sheet metal built- 
up skins previously used, but are far stronger, and much 
less susceptible to fuel leaks from the integral wing tanks. 


Top surface wing skins are 
joined to tank ribs in this area. The wings are made in two 
major parts; each housing а fuel tank. Counterbored rivet 
holes in the skin ate used as a guide for drilling the same 
hole pattern in the ribs. After drilling, the parts are 
cleaned and rough. edges burred. Then а strip of Scotch- 
weld tape is put between the skin and the ribs and the 


parts are riveted together. 
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WING TRIM 
AND 
BORE FIXTURE 
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The leading-edge wing spar 
is trimmed to. the proper contour on this multi-purpose 
fixture, which supplanted several other machines. Besides 
trimming the leading edge wing spat, this machine also 
cuts the opening for the main landing gear and bores and 
` reams holes for attaching the landing.gear. It’s all done 
in one operation. Weighing 25 tons and costing $140,000, 
this tool marks another advance in aircraft production 
methods. 


FORWARD _ & 
AND АРТ TANK 
MATING AREA | 


204 


each wing ate joined іп thi 


cilitate the skin trimming necessary 
го the. aft. tank, operators use a sm 
the fixture to mov 
ward with a minimu 
to the wing trim and bore fixture. 


The two tank sections of 
s fixture and the trailing edge 
is added to form a whole, triangular-shaped wing. To fa- 
to fit the trailing edge 
all gear mechanism on 
e the trailing edge forward or back- 
m of effort. From here, the wing goes 


This is the last phase of 
wing production. The main landing gear, elevon and wing 
fences are installed here. The elevons combine the func- 
tions of elevatots and ailerons on airplanes with ordinary 
wings and tail, Also installed and checked out here is the 
maze of hydraulic, pneumatic, and electric systems which 
pass through the wings. 


ELECTRIC . 
WIRING 
BENCH 


Some 90,000 feet of wire go 
ánto the electrical system of each F-102A. Before installa- 
tion in the fuselage, Many of these wites are grouped to- 
gether into “harnesses. The first step in building up 4 
harness is to cut, stamp, and. sort. lengths of wire. These 
go to various benches for attachment of various plugs, Te 
ceptacles and other parts. AM soldered plugs and receptacles 
are “potted” —completely encased in a plastic compound 
that withstands vibrational stresses and protects the con- 
nection against dampness, fungus, and electrical. “shorts.” 
The intricate routing of each wire is laid out on the “harn- 
ess boards", and workers thread the individual wires into 
this pattern, to make the complete harness. Installation of 
the complete harness in the cramped interior fuselage 
spaces of the airplane is, of course, much less difficult than 
would be the task of threading each individual wire 
through the airplane. 


MOCKUP Ч 
DEPARTMENT 4^ 


The mockup is a sort of 

“preview” of an airplane. This one was completed about 
6 months ahead of the start of F-102A production. It's 
main purpose is to make sure that the drawn plans for 
the airplane will actually fit together properly when they 
become 3-dimensional realities. The mockup is also used 
to verify the best path for the airplane's skein of hydraul- 
ic and electrical systems, to permit most efficient volume 
production. 
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As fuselages move along this 
line, main controls and auxiliary controls are installed for 
flying the interceptor and operating its various systems— 
fuel, armament, and so on. Here too, the pilot’s cockpit 
is pressure tested and the nose landing gear, drogue chute 
and rudder are given a trial operation. Some electrical 
harnesses also are installed and hooked up here. 


СА FUSELAGE 


WING MATE 


When the fuselage completes 
its journey through the primary assembly line, it is ready 
to receive its wings, here in the wing-fuselage mate sec- 
tion. Each wing is fastened to the fuselage bulkheads with 
six bolts. Then the wing-skin fairings are riveted to the 
fuselage. Afterward electrical harnesses, fuel lines and 
elevon control mechanisms are hooked up and the main 
landing gear is given a functional check to insure proper 
clearances. 


FINAL 
ASSEMBLY 


As the F-102A moves down 


the final assembly line, it is a bird nearing maturity. But 
there still are several things to be done to it. Surface con- 
trols must be checked. So must high and low pressure 


pneumatic systems, hydraulic systems, oxygen and ballist- 


ics, brakes and landing geat. The fuselage and cockpit al- 
so must be pressure checked again, the engine installed 
and the tail cone, radome and canopy put on. All this is 
done in final assembly. When, it is completed, the air- 
plane is ready to go to the paint shop and then to the 
field operations center to be prepared for its initial flight 
to Convair's production flight test cénter at Palmdale. 


| 
TRAILER 
LOADING 


AREA P d 


The F-102A gets one ride in 

its lifetime. It is the 1l5-mile trip from the assembly plant 

to the field operations center at Lindbergh Field. A special- | 
ly-designed trailer is used for the purpose. The inter- 

ceptors are pulled and lifted onto the trailer by use of 

a cable and winch, and hydraulic ramps. This trailer was 

designed and built by Convair and has resulted in a sav- 

ing of néarly $500 a plane over the previous hauling 

method, 
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Sending the F-102A to the ә 
field operations center is much like tuning up a new car | 
before turning it over to a customer. It is completely 
serviced—fueled, oiled and greased. All systems are given 
a final check to see if they function properly. The engine 
is tuned, and radio ahd navigation equipment is installed. 
Then the plane is ready for first flight—from San Diego- 
to Convair's pre-flight operations center at Palmdale, 
Calif., in the Mojave desert. There, when production 
flight-testing: is completed, the plane is delivered to the 
U. S. Air Force. | 


Convair Has Been a Pacemaker 
in Aviation Since 1923 


‚ Convair 2 isa or producer of aircraft for 


cial aiflines all over г the world, 1t цер. i$ prominent 


in the development and production of guided mis- 
siles. 

Convair had its origin Мау 29, 1923, when Maj. 
Reuben H. Fleet founded it as Consolidated Air- 


erafe Corporation in East Greenwich, R. I. шин 


ual growth caused a move to Buffalo, N. У., 
1924, and to San Diego i за the fall of 1935. 

Convait’s. expansion has beei marked. by several 
mergers. 

The first was in March, 1943 with Vultee Air- 
craft, Inc., of үз Calif. At that time the. com- 


sion e General s mn ы 

Convair' General Offices ate in San Diego. In 
addition to the manufacturing: facilities in San Diego 
which produce the F-102A, a new facility in San 


Diego's Outskirts is ‘now under construction. The 


"Atlas" intercontinental ballistic missile will be pro- 


duced there. Other Convair plants are at Ft. Worth, 


Texas; Daingerfield, Texas; and Pomona, Calif. 
General Dynamics. Corporation. has. its principal 


Offices at 445 Patk Ave, New York City. In addi- 
tion to Convair, other General Dynamics. Divisions 
até: Electric Boat, Groton, Conn.; Géneral Atomic, 


San Diego, Calif.; Electro Dyriamic, Bayonne, N. J.; 
Stromberg- ‘Carlson, Rochester, New York; and Can- 
adair, Ltd., of Montreal, Canada (a subsidiary.) 
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USAF .ALL-WEATHER SUPERSONIC INTERCEPTOR 
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HISTORY AND PURPOSE 
OF THE F-102A 


The distinctive triangular shape. of Ше F-102A’s 


delta wing is only опе of several aspects of this air- 


For this is not only a new airplane design — it is 


also a member of a new family of military aircraft | 


known, as all-weather interceptors, or "bomber 
desttoyers:"' | 
Formerly, this, task of bomber destruction was: 


one of several assigned. to, the general category of | 


airplane known as fighters — piloted by a man whio 


used his eyés to, locate the target, and his own flying | 


skill to get his airplane; into positión to attack. the | 


other airplane, 
But іп our time — in the decade since World 


War II — aircraft speeds have made obsolescent the ! 


acuity of the human eye, the quickness of human 
muscular coordination. The pilot of today's super- 
sonic ۲-102۸ approaches a supersonic target. at such 
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to lead him to the target, he ТЕТТЕ 


eral miles past it by the time he could fire upon it. 


Thus has the interceptor become a. distinctive 
weapon, specifically designed for bomber destruc- 
tion, manned by a professional pilot who not only 
is an airman of consummate skill, but also a tech 
niciàà who knows intimately the aerodyhamic and 
electronic capabilities of his airplane. 

Today's F-102A. is Нил ОР ЗАН Ronde foi: 
sight: As early as 1945, it was apparent to USAF 
planners that a specialized bomber destroyer ‘type 


airplane would be needed when supersonic flight 


became a reality. | 

In that year, Gonvair was designated to make 
exploratory design studies for such ап airplane: The 
result of this study was the world’s first delta-wing 
plane — Convair's| experimental prototype called. 
XE92A, which Ний flew Sept. 18, 1948. Then, in 
1951, the Air Force asked the nation’s airctaft-com- 


ceptor, that would be able to find and destroy 


today’s.F-L02A. 
This is a big aitplane, compared to the old-time 
fighter — almost the same size as a medium bomber | 


рашез do. submit their design ideas Оп a true inter . 


potential enemy, bombers. that were expected to be ۰ 


of World War IL This size is пеедей to provide" 


space for Ње equipment neéded in the interception 
mission — 4 strapping big Pratt & Whitney 1-7 
engine; space for the electronic brains and muscles 
(over 1700. pounds of these alone, requiring 20-odd 


cubic fect of space within. the fuselage of the air- 
plane) ; and space inside the fuselage to store missiles 
and rockets. 


So electronic: eyes have been called into supple: 


ment the pilot's own vision — and so have electronic - 


muscles with their split-second reactions, to guide the 
airplane onto the. target, and to discharge thë. alt: 


plane's thissiles and rockets at the proper moment 


to achieve а kill. 

To develop arn airplane that would. meet these 
tequirements, yet also slice through the sound barrier 
with вазе, was a task of magnitude. It was necessary 
that design of the electronic components and the 
armament be closely coordinated with design of the. 
airplane; so that the interior spaces provided in the 
airplane would be adequate, yet that no space would 


be.wasted. The Hughes Aircraft Co., of Culver City, - 


Cali£, developed these systems, working in close 
harmony with Convair, The principal armament of 
the F:102A is the Hughes “Е ”وف او‎ missile, launched. 
from. the E-102A while in: fli ght. 

In addition, new aerodynamic’ knowledge devel- 
oped. by the government's National Advisory Com- 


mittee for Aeronautics made a real contribution to 
the. F-102A:s success—specificaly, the:so-cálled "area. 
nile" which resulted in the wasp-waist effect of the 


airplane's fuselage (sometimes referred to as the 
“Marilyn. Monroe" shape — butsstrictly unofficially, 
of course). 


Thus.came:into being the T-102A df today — the 
only supersonic interceptor now in quantity ргодас- 


tion and in service with the USAF, 

In the hands of Continental Air Defense Coin- 
mánd, it gives America new capability to defend 
itself against enemy bomber attack, day or night, 
fair: Weather or foul, 
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Design and manufacture of airplanes involves, a 
unique combination of several things—ttadition, in- 
sight, exploration of the unknown—and plain hard 
a P 
In the design phase, tradition stems back throügh 


hundreds of years to the artisans of shipbuilding, whose 


technique of lofting hull lines is retained. in the super- 


sonic plans of today. And aircraft design itself, though 


‘scarcely fifty years old, has developed its own extensive 


body of knowledge, which becomes the "experience" 
factor in every: new airplane design. 


Insight and hard work come into play in combining 
experience with new information — better materials; 


better manufacturing methods, greater power plants— 


required. of the aerial weapons in each: ега, 


^ Insight is often aided by the resülts. of research x 
forays. into the unknown, constantly under way in 
laboratories, wind tunnels} and iiv the electronic. brains 
of the miassive computers. 

It:was the process of combining these key factors— | 
tradition, insight, .éxploration into the unknown, hard. | 
| 


work—that enabled aircraft designers at last to: plunge 


called heat barrier, and tomorrow to solve the.riddles of 
flight out. beyond the earth's, atmosphere. 


As man's: knowledge of flight progresses; it is re- 
presented by each succeeding generation of aircraft. 
The Convair F-102A design represents. today's best 


answéf to the réquirement for а high-altitude, high- 
performance interceptor that сап operate—and kill. an 
enemy—in any kind of weather, night or day.” But in 


time it will be зассеедей Бу still more advanced 
wéapons—those now: on the project lists of Convair's 
designers, for production in 1960,. 1965, and beyond: 

This constant Attitude of “looking forward" was 
present, too, back in 1948—when- Convair flew the 
world's first delta-wing plane, the grandfather of 
today's F-102A, whose detailed. design began in 1951. 


Since, then, engineers have’ been constantly at' work 
on this airplane, devoting: hundreds: of thousands. of 


manhours of design time, to pinpoint the shape and 
size and strength of each bit of material that 06 


ihe F-102A—so that each part of the airplane: is equal. 


дөл share of the total task of dependable: performance. 


! چک ھا ہار ЖЕЙК milieu‏ نے رپ یی اک اچ ےچ Ни‏ 
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And always, in the corner of the mind of the man 
at the. drawing board, was: the severest taskmaster of 


all aircraft people—weight. Not an, ounce could be. 


used that isn’t essential—for'each ounce will demand its 
own penalty in-altitude and performance of the finished 
airplane. 

As the designs for each of these individual ‘parts 
of the airplané ‘were finished, they were released to 
Engineering's experimental shop, and à prototype air- 
flat paper drawings fitst were converted to the three- 
dimensional reality of actual airplane parts. 

As that prototype airplane took shape, never a day 
went by without a visit from the flight-test department 
—the test pilots who would’ apply their own consum- 


mate: skill in the proving flights. And by the time the: 


day of first flight came—they knew every rib of her 
frame, as intimately as the designers themselves. To. 
them, the.süécess of the first test flight was just anothér 


evolutionary: step. in creation of the. airplane. 


Meanwhile, other highly-skilled people were at 


work, ргерағіпр the way for volume F-102A production 


in the factory. Here, too, the key factors would be ap- 
plied—tradition, insight; new manufacturing methods, 
hard work. 

The tooling experts were busy—designing and 
building the “cradles” in which each individual part 


would bë shaped. Some of the tools: turned out to be 


two: stories: high—others in the scale of a micrometer. 
For the F:102A, оуег 30,000 tools: wête needed, 


and materiel people were involved in Неш own iñ- 


tricate calculations—deciding .how ‘much floor space . 


ing opération; deciding what portions of the F-102A 
would be built in Convair's faéilities, what portions 
would be purchased from other companies; working out 
the sequence of production, and the flow of. materials 
and parts into the production. line. Orders were. placed 


for raw materials and parts tó be manufactured by 


Others. The earliest of these orders when out many 


months before production started—for these suppliers 
needed time to. tool ‘up and. manufacture, too. | 

Simultaneously, manpower was. being organized for 
the manufacturing operations. A proven Convair 
management staff was assémbled—with men skilled in 
each of the phases of manufacturinig,, Then shop super: 
visórs and foremen were selected; and. finally, the indi- 
vidual workérs, with all their. ‘multitude of skills, were: 
given detailed production assignments. 

"Today, your. plant tour will give you a glimpse of 
the end result of this designing and planning. We 
taken the tour—that the visit is interesting, atid worth- 
while. And we think that. you may gain an undetstand- 
ing of the sense of pride that each of us at Convair 
feels who has had some part in the creation of this 


airplane, 


Wingspan رہ یر شید‎ nen u nan 000000000 . 38 ft. 1.6: ‘in. 
Length اد وف باه و‎ нан wa تمه‎ А ہا جج‎ e eiua emi ce cce vertere nan -- _68 ft. 3.3 án. 


Engine (Pratt & Whitney J-57:P-23y s 


Maximum Speed .............л........з...-....Оуе Mach 1 in level flight 


Over. 50 


Maximum. altitude. 000 ft. 


Armanient................ Hughes "Falcon" ime guided missiles; 


and folding-fin rockets: 


(Exact speed aid other data cannot be 
révealed’ far: reasons; of military. security.) 


18“ ft. 2.0 Чп, 


| 
This is but a portion of the, 
Engineering Department of Convair-San. Diego. From, 
here came the world's first successful deltà-wing airplane! 
—the XF-92A, which first flew in 1948. It was here, tóo,. 
where the design. was laid down for a later delta-wing— 
the F-102A all-weather supersonic jet interceptor. More 
than 1150 engineers and technical specialists participated: 
in development of the airplane from drawing board to 
the airborne craft. They included designers, aero-dynamic- 
ists, dynamicists, propulsion experts, electronics engineers' 
and scores of others, who turned out’ literally tons -of| 
plans апа blueprints, describing in detail each of the 
thousands of individual parts of the airplane. 


The wind tunnel played an 
important role in the development of the delta-wing 
F-102A, as it does with all new aircraft. Exact scale 
models of the supersonic, all-weather jet interceptor were 
cested in the tunnel, to gather information on performance, 
stability and control, and airloads. The test section, or 
"throat," of the tunnel is 8 feet high and 12 feet wide. 
Models being tested can be observed from the control 
room through a window made of 2-inch-thick bullet-proof 
glass. A huge 20-foot, 6-bladed fan driven by 2250 horse- 
power electric motor prodüces winds up to 300 miles per 
hour. The tunnel was built in 1946 at a cost of about 
$700,000. It is made of reinforced concrete. 

In addition to this tunnel, Convair shares an interest in 
the cooperative wind tunnel at California Institute of 
Technology, where high-speed. testing is carried on. Con- 
vair also operates a battery of wind tunnels for the U. S. 
Navy at Daingerfield, Texas, and will soon construct its 
own supersonic tunnel here at Convair-San Diego. 
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DIGITAL 
COMPUTER. 


Imagine 250 20-inch tele- 
vision sets lined up in this room, and you have a fairly 
accurate idea of the number of electronic systems in this 
prodigous machine with a fabulous "memory." It has a 
10-decimal digit memory, and. can. store 16,384 words on a 
magnetic drum, or 200,000 on four magnetic tapes. It can 
recall words from its electrostatic memory in 10-millionths 
of a second. It cán perform 44 operations involving 
arithmetic or logical choice, and can multiply 300 10- 
digit numbers a second, It was used to calculate such, 
things as flutter, vibration loads, air loads, and flight 
test data on the F-102A. Thé computer is operated 24 
hours a day, 7 days a week, and. Convair pays an annual, 
rental on it of approximately $500,000. 
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ANALOGUE ےڈ‎ 
COMPUTER — 


EN 


Designed by Convair, this 


analogue computer is used to simulate aircraft flight, and 


to record flight behavior. Characteristics of the airplane 
are fed to the computer in the form of mathematical 
equations. It can solve some problems that could be 
solved in no other way and can come up with answers 
in 10 seconds that it would take someone with a desk 
calculator two weeks to do. This computer has the re- 
putation of producing data equal to the output of some 
300 human mathematicians working in perfect accord. It 
has been in operation two years, and cost $1,200,000. It 
uses 900 amperes of electrical current, bas 8000 vacuum 
tubes, 2000 relays, 100 miles of coaxial cable and 200 
miles of ordinary wire, 
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A factory within a factory 
. . that's the Experimental Department. It's the placé 
where design blueprints are transformed into 3-dimension- 
al metal for the first time. It is used for the development, 
fabrication and building of prototype aircraft, for modi- 
fication of production airplanes and for special test pur- 
poses. This experimental factory is equipped to build a 
complete airplane. Experimental’s “hand built” airplanes, 
when completed, serve as the flying prototypes for experi- 
mental flights, and develop information needed for later 
volume production of the plane in the main factory. 
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FARNHAM ч 
SPAR MILL — 


In shipbuilding it's the keel 
that ties the boat together lengthwise. In the F-102A it's 
the longeron. This long aluminum  "backbone' is 
machinéd to shape on the Farnham Mill. Convair's five 
Farnham Mills range in length from 24 to 80 feet and 
cost from $200,000 to $300,000. The solid aluminum bar 
from which the longeron is to be shaped is bolted to the 
bed of the mill. A series of rotating cutters, mounted on a 
moving carriage, hew away the metal to a predetermined 
shape. This shape is dictated by a steel template mounted 
alongside the mill bed. The machine's tracer fingers, mov- 
ing across the template, control the movements of the cut- 
ting heads, so that the finished longeron is an exact 
duplicate of the template. Longerons made by this milling 
process are stronger and lighter in weight than comparable 
structures built up by splicing many individual parts 
together. 
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MACHINE SHOP 


A battery of 165 machines is 
set up here to make a wide variety of detail parts for the 
F-102A. It is one of the most modernly-equipped machine 
shops in thé industry. It includes milling machines, turret 
and engine lathes, drill presses, jig borers, grinders, pro- 
filing machines, automatic screw machines and boring 
machines. 


SHERIDAN < 
STRETCH PRESS 
(100 TONS) 


Principal use of this machine, 
with its powerful crab-like arms, is to form sheets of metal 
into contoured parts by stretching the metal over a form 
block. In the operation pictured here, a steel skin for the 
air intake duct is being formed. The ends of the metal 
are clamped into vise-like jaws of the tension arms. Then 
as the arms pull, the form block is forced against the 
metal to impart the desired curve. This stretch and press 
sets the metal in the desired shape. Each tension arm is 
capable of exerting a 100-ton pull. 


CYRIL BATH: 4... 
SKIN FORMING ` 
MACHINE Р”: 


| Aluminum skin coverings 
for air intake ducts on the F-102A, and circular engine: 
shroud. ribs, are among the intricately contoured parts 
made on this machine. Its die mounting table, which turns 
while the part is being formed, makes possible the produc- 
tión of parts that are completely circular. The Cyril Bath; 
forming machine can exért a pressure of 50 tons per square 
inch on the part being formed. It occupies 1760 square. 
feet of floor space. 


SHROUD 
SPOTWELD 


Extreme heat from the jet 
engine would seriously damage the fuselage of the F-102A. 
if some protection were not provided. The protection is 
afforded by welding together large sheets of "waffle iron” 
titanium into a cylinder and rigidizing it with titanium. 
ribs. Known as a wonder metal, titanium has the lightness, 
of aluminum and the hardness of steel and is highly re- 
sistant to heat. It is very expensive. A piece the size of a 
dollar bill is worth $20. The battery of ten welding 
machines used in making these shrouds uses enough elec- 
tricity to supply the needs of a town of 3000 persons. This 
department uses 15 percent of the total power consumed in, 
this plant. 


Delivery of this press from 
its manufacturer in Ohio required 10 railroad freight cars. 
It weighs 1,500,000 pounds, cost $750,000, and a year was. 
required to install it. Its refrigerating unit, used to cool 
the hydraulic oil, could keep some 10 average size homes 
cool throughout a hot summer. From flat metal it forms 
the “С” frame for the F-102A air duct and other intricate- 
ly-contoured parts. This large press makes large single 
components that formerly were made up of many smaller 
parts, asembled by hand. 


“ЕЙ CHEMICAL 
A AND PHYSICAL 
LABORATORY 


Structural integrity is an abso- 
lute must for the parts that go into the F-102A. This 
laboratory was set up to help assure that such integrity is 
maintained. Samples of all materials are constantly being 
tested here. The laboratory is equipped with tensile and 
compression testing machines. A hydrogen analyzer is used 
to determine the hydrogen content of titanium, which is a 
factor in heat treating. Spectographs are used to analyze 
chemical constituents. А metalagraphic instrument shows 
the minute physical structure of metals being tested. The 
chemical laboratory analyzes and evaluates contents of both 
metals and solutions used in various processing methods. 


PAINT AND | Rg 
CHEMICAL ETCHING | 
DEPARTMENT کے‎ 


Detail parts of the F-102A 
are painted here before going to their assembly areas. 
Placed on conveyors, the parts travel through spray booths 
and drying ovens. Coatings prevent corrosion and protect 
the metal from scratches or blemishes during handling; 
Parts also are prepared here for chemical dynamic etching, 
Pieces to be etched are completely cleansed and then 
sprayed with neoprene paint. A template and knife are 
used to inscribe the pattern to be etched. The paint is 
peeled from this area and the metal dipped into a chemical 
bath. The chemicals eat into the bared metal to a depth 
precisely governed by the length of time the part is in the 
solution. The paint- -covered area remains untouched. 


Aluminum parts for the 
F-102A are tank-dipped here in either an alodine or 
anodize solution to prevent corrosion and prepare a sound 
base metal for receiving a protective coating of paint. 
Metal bonding of some parts also is done in this area, 
This is a process of joining metal sheets together in a 
"sandwich" which is cured under heat and pressure. 
Metal-bonded parts will withstand tensile loads of several 
thousand pounds, yet are extremely light. F-102A access 
doors and cockpit sidewall panels are made by this process. 
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In our plant tour, these are 
the first parts which can be recognized easily as a portion 
of the F-102A. They are the intake air ducts, which feed 
air to the big J-57 jet engine. When the engine is operat- 
ing it creates a terrific suction that is capable of picking 
up a 200-pound man and pulling him into the duct. This 
suction and the terrific volume of air passing through 
these ducts requires an extremely smooth and rigid struc- 
ture. Otherwise the ducts would collapse. This rigidity is 
obtained by using unusually thick skin material, and sturdy 
interior ribs. The leading edge is made of stainless steel, 
to withtand damage from small rocks that sometimes are 
picked up during landing. 


PILOT'S Bb 
COMPARTMENT 
ASSEMBLY 


The pilot compartment of 
the F-102A is the “brain center" of the airplane. АП of 
the controls and instruments for making thé plane per- 
form are centeréd there. Assembly of the structural parts 
of the cockpit—the sidewall panels, front and back pan- 
els and so on, is done іп one area. Then the compartment 
is pressuré-tested and goes to the primary assembly line 
for installation of wiring, tubing, instruments, controls 
and so on. This primary line is similar to an automobile 
assembly line. Here men work in one station, putting the 
same kind of parts into each cockpit as it moves past him. 
When the compartment completes the loop it is ready for 
combining with other fuselage sections. 
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BARREL © | 
2 QUARTER SECTION ^S 
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This is the beginning of the 
center barrel section build-up of the F-102A’s fuselage. 
Fabrication is done in four parts, or quarter-sections, 
which makes the work more accessible. Each section houses 
part of the interceptor's air duct and part of its armament 
area. As the sections are completed, they are joined ۰ 
gether into left and right half-sections before being sent 
to the next assembly area, to be joined with the other 
main fuselage sections. 
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When the barrel half-sec- 
tions ate completed, they are set up on these 11-ton fix- 
tures to be mated, or tied, together. After the structural 
tying, eléctrical wiring tubing for various systems and 
other equipment is installed. With the primary work fin- 
ished, the section is then ready to go to the major fuse- 
lage mate section. 
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BARREL Ч 
SUB-ASSEMBLY 


Heavy press-forged bulkheads 
weighing 75 pounds each are the sturdy skeleton of the. 
F-102A’s fuselage. They shape the contour of the airplane 
and are the frames to which the wings later are bolted. 
The bulkheads are fastened together by ribs to which the 
fuselage skin is riveted. 


FUSELAGE 
COMPONENT 
MATE AREA | 


The F-102A goes through a 
stage of development here that gives it that sleek “wasp 
waist" shape. Here the three major sections of the fuse- 
lage аге fastened together— "major mate" in shop termin: 
ology. Afterward, tubing, electrical harnesses, and various 
systems that have. been previously installed in the individ- 
ual sections are connected. Other systems also are installed. 
Here, too, the fuselage is given a preliminary pressure 
check for airtightness—necessary for the pressurizing that 
permits the F-102A’s pilot to be comfortable, even in high: 
altitude operations in the stratosphere. 
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This is the first major as- 
sembly component in the manufacturing sequence of F- 
102A wings. Upper and lower surface skins are prepared 
for the delta wings of the F-102A on this machine. All 
rivet holes for fastening the skin in the rib spars are drill- 
ed and counterbored. These large one-piece sculptured 
wing skins weigh less than the old type sheet metal built- 
up skins previously used, but are far stronger, and much 
less susceptible to fuel leaks from the integral wing tanks. 


SKIN PANEL 
ASSEMBLY 4 


Top surface wing skins are 
joined to tank ribs in this area. The wings aré made in two 
major parts, éach housing a fuel tank. Counterbored rivet 
holes in the skin are used as a guide for drilling the same 
hole pattern in the ribs. After drilling, the parts ate 
cleaned and rough edges burred. Then a strip of Scotch- 
weld tape is put between the skin and the ribs and the 
parts are riveted together. 


WING TANK 
SEALING AREA 
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After the wing tank sections 
are assembled and riveted, they are baked for one hour 
at 320 degrees Fahrenheit in a large oven, which is heat- 
ей by electrical radiant units. The baking softens and then 
cures the layers of Scotchweld tape placed between the 
skin and rib surfaces. This tightly seals the tanks. Like 
the airplane itself, the fuel tanks of the F-102A are unique. 
They are not separate compartments, but fuel-tight spaces 
inside the wing. Convair pioneered the use of Scotchweld 
tape for this purpose in the F-102A. After baking in the 
oven, the tank sections are cooled to room temperature 
in a special draft-free enclosure. Then they are pressure- 
checked for any possible leaks. 
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Тһе leading-edge wing spar 
is trimmed to the proper contour on this multi-purpose 
fixture, which supplantéd several other machines. Besides 
trimming the leading edge wing spar, this machine also 
cuts the opening for the main landing gear and bores and 
reams holes for attaching the landing gear. It's all done 
in one operation. Weighing 25 tons and costing $140,000, 
this too] marks another advance in aircraft production 
methods. | 


FORWARD X 
AND AFT TANK 


The two tank sections of 
each wing are joined in this fixture and the trailing edge 
is added to form a whole, triangular-shaped wing. To fa- 
cilitate the skiri trimming necessary to fit the trailing edge 
to the aft tank, operators use a small gear mechanism on 
the fixture to mové the trailing edge forward or back- 
ward with a minimum of effort. From here, the wing goes 
to the wing trim and bore fixture. 


WING hc 


PRIMARY ASSEMBLY > 12 


This is the last phase of 
wing production. The main landing gear, elevon and wing 
fences are installed here, The elevons combine the func; 
tions of elevators and ailerons on airplanes ‘with ordinary 
wings and tail. Also installed and checked out here is the 
maze of hydraulic, pneumatic, and electric systems which 
pass through the wings. 


ELECTRIC 
WIRING 


Some 90,000 feet of wire go 
into the electrical system of each F-102A. Before installa- 
tion in the fuselage, many of these wires are grouped to- 
gether into “harnessés.” The first step in building up а 
harness is to cut, stamp, and sort lengths of wire. These 
go to various benches for attachment of various plugs, re- 
ceptacles and other parts. All soldered plugs and receptacles 
are "pottéd"—completely encased in a plastic compound 
that withstands vibrational stresses and protects the con- 
nection against dampness, fürigus, and electrical “shorts.” 
The intricate routing of each wire is laid out on the “harn- 
ess boards”, and workers thread the individual wires into 
this pattern, to make the complete harness. Installation of 
the complete harness in the cramped interior fuselage 
spaces of the airplane is, of course, much less difficult than 
would be the task of threading each individual wire 
through the airplane. 
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MOCKUP ۱ 
DEPARTMENT سے‎ 


| The mockup is a sort of 
"preview" of an airplane. This one was completed about 
6 months ahead of the start of F-102A production. It's 


main purpose is to make sure that the drawn plans fof 


the airplane will actually fit together properly when they 


become 3-dimensional realities. The mockup is also used 


to verify the best path for the airplane's skein of hydraul- 
ic and. electrical systems, to permit most efficient volume 
production. 
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As fuselages move along this 
line, main controls and auxiliary controls are installed for 
flying the intérceptor and operating its various systems— 
fuel, armament, and so on. Here toe, the pilot's cockpit 
is pressure tested. and the nose landing gear, drogue chute 
and rudder are given a trial operation. Some electrical 
harnesses also are installed and hooked up bere. 


FUSELAGE 
WING MATE 


When the fuselage completes 
its journey through the primary assembly line, it is ready 
to receive its wings, here: in the wing? -fuselage mate set- 
tion. Each wing is fastened to the fuselage bulkheads with 
six bolts. Then the wing-skin fairings are riveted to the 
fuselage. Afterward electrical harnesses, fuel lines and 
elevon contro! mechanisms are hooked up and the main 
landing gear is given a functional check to insure proper 
clearances. 
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Ав the F-102A moves down 
the final assembly line, it is a bird nearing maturity. But 
there still are several things to be done to it. Surface con- 
trols must be checked. So must high and low pressure 
pneumatic systems, hydraulic systems, oxygen and ballist- 
ics, brakes and landing gear. The fuselage and cockpit al- 
so must be pressure checked again, the engine installed 
and the tail cone, radome and canopy put on. All this is 
done in final assembly. When, it is completed, the air- 
plane is ready to go to the paint shop and then to the 
field operations center to be prepared for its initial flight 
to Convair's production flight test center at Palmdale. 
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The F-102A gets one ride in 
its lifetime. It is the 11/5-mile trip from the assembly plant 
to the field operations center at Lindbergh Field. A special- 
ly-designed tfailer is used for the purpose. The inter- 
ceptors are pulled and lifted onto the trailer by use of 
a cable and winch, and hydraulic ramps. This trailer was 
designed and built by Convair and has resulted in a sav- 
ing of nearly $500 a plane over the previous hauling 
method. 
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OPERATIONS 


CENTER 


Sending the F-102A to the 
field operations center is much like tuning up a new car 
before turning it over to a customer. It is completely 
serviced—fueled, oiled and greased. All systems are given 
a final check to see if they function properly. The engine 
is tuned, and radio and navigation equipment is installed. 
Then the plane is ready for first flight—from San Diego 
to Convair’s pre-flight operations center at Palmdale, 
Calif., in the Mojave desert. There, when production 
flight-testing is completed, the plane is delivered to the 
U. S. Air Force. 


Convair Has Been a Pacemaker 
im Aviation Since 1923 


The first was in March, 1943 with Vultee. Air- 
craft, Inc., of Downey, Calif. At that tiñe, the com: 


adair, Ltd., of Montreal, Canada. (a subsidiary.) 
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| The Convair-$an Diego facility is о VERSION 
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| first part of усыг tour will be 2 TRANSPORT PRODUCTION. NAVY 
| through а portion of Plant |, as ° R3Y WATER —BASE MODIFICATION 
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The second part of the tour will o 
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in the diagram below. 
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Figure 6-2. Cockpit Air Conditioning and Pressurization System, Schematic, 
Typical, F-102A [Refrigeration Unit Operating in Flight) 
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Figure 6-3. Cockpit Air Conditioning and Pressurization System, Schematic, 
Typical, TF-102A (Refrigeration Unit Operating in Flight) 
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Figure 1-3. Hydraulic Power Systems, Schematic 
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Tactical units of the United States Air Force are now receiving а rev- . 
olutionary new type airplane--revolutionary in design ‘and in its capa- 

| bility of defending the continental United States against high speed, high 
altitude enemy bombing attacks, This new type airplane, the F-102A x . 
15 a supersonic, delta wing, jet interceptor built at San Diego by 27 | 
Convair, a Division of General Dynamics Corporation. ^ р z 


۱ Because the ۲102 airplane embodies important new concepts in aero- 
| nautical and military science, its design required long years of pains- 
taking research, experimentation and flight test. Following is the 
record of the origins, the purposes and the future possibilities of this 
unique airplane, | ۱ | : x f 
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The F-102's distinctive deltà wing design was 
evolved by Convair during work on àn Air Force 
assignment to develop an interceptor capable of 
high speeds and altitudes. These studies, which 
began late in 1945, indicated thata delta wing plan- 
form was a promising configuration for supersonic 
airplanes. | 


An extensive program of wind tunnel tests and re- 
searchin 1946 and 1947 substantiated these studies. 
An experimental airplane, the XF-92A(Convair 
model 7002) was flown in. September 1948. Subse- 
quent experimental flight.s proved the supersonic 
potential of the delta wing, 
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The delta wing offers the following advantages in 
all speed regimes from low subsonic to high 
`` supersonic: 


1, Low transonic drag rise compared. with other ` 


wing configurations, Reduction of the peak drag is 


made possible by low percent thickness wings. 


2, Lift potential increases with Mach number in 
the high subsonic range, beyond which it drops 


smoothly in.the supersonic regime, There is 0 
lift divergence or abrupt variation in lift curve 
slope throughout subsonic, transonic or supersonic 


‚ regimes, 


3, Lift coefficient varies smoothly throughout al! 


angles of attack, with a. gradual reduction at angles 


'greater than that for maximuni lift, There is no 


tendency to spin or drop-off out of control in a stall, 


4, Long wing chord permits wing sections with 
less percent thickness while retaining greater 
depth, This allows light weight construction with 
efficient structure, 


5. Thedepthprovides greaterinternal fuel сарасї- 
ty without increase in weight. | 

6, The favorable structure aids in reduction of 
flutter, vibration апй- control problems, The. stif- 
fer wing provides longitudinal control effectiveness 
which increases with Mach. number iud & maximum 


Шы by the rigid wing, pens elastic defo£- 


mations are negligible, 


7. Less shift of the airplane neutral point is ех- 
perienced in passing from subsonic to supersonic 


speeds. Absence of a. horizontal tail eliminates: er- 
ганс ігапѕопіс stability changes. 


8. Aerodynamic disturbances and compressibility 
effects are minimized, 


9. Elimination of tail assembly and high lift de- 
vices simplifies the design. 
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Until recent years the burden of preventing hos- 
tile bombers from reaching their targets has been 
borne largely by fighter airplanes. То a large de- 


gree the success of these anti-bomber missions 


dépended on the fighter pilot's ability to locate, 
pursue and attack his target visually. 


With the advent of sonic speeds, plus a growing. 
complexity of flight operations, pilot reactions” 
proved too slow and inefficient for aerial combat, ` 
Aneed was created for a means of intercepting” 


АР 25 


and oe а яке ne A in all kinds | 


system ` 
ساس بس‎ of ыты delectu. айбан апа 
armament. installations, all coordinated toward 
interception and. destruction of high speed enemy 
aircraft, 
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In. May 1949 the Air Force calléd members of the 


aircraft industry to an interceptor conference con- 


ducted by General Fairchild, At this meeting the 
Air Force outlined the interception problem and 
sought industry suggestions for a new interceptor 


type. Industry's response led to a competition for 
an airborne weapon designated the 1954 Interceptor. 


Specific requirements set forth by the Air Force 
"Were: 


1. Supersonic speed, 
‚ 4, Extremely high rate of climb. 
3 


3, Armament to include either guided missiles or 


multiple rockets, 
4, High maneuverability. 


· tion, 


ПІ 


. Single pilot, 

. Short landing and take-off runs, 
Combat radius of 375 nautical miles, 
. Combat ceiling бі 60, 000 feet, 

10. Very high probability of kill, 
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Convair entered the competition with a design 
basedon its 2۳-92۸ delta wing. In December. 1951, 
a contract was awarded for the building of a proto- 
type аа the MX- 20955 This was the ‘birth 


The Hughes. Aircraft Bonos of Culver City, 
California, received a contract to develop an elec- 
tronic detection, guidance and armament system 
compatible with the F- 102, | 
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The current F-102 pro gram includes five basic 
airplanes: 


Thé F-102A Asin gle-place, single-engine super- 
Sonic interceptor now being produced in quantity at 
Convair's San Diego plant, 


The TF-102A A two-place, side by side, combat 
training version of the F-102A. Nose sections are 
fabricated at Convair Fort Worth and mated with 
fuselages at San Diego, 


The Е-102С А proposed version of the F-102A 
featuring an advanced engine and advanced arma- 
ment, 


Тһе F-108A. А higher pérformance version of 
the F-102A which is now under construction at San 
Diego. Theprototype is expected to fly by December 
1956, | 


The F-106B 


А two-place, tandem version of the 
Е-106А. 
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The , flight test prototype of the F-102 series, the 
YF-102, was flown at Edwards Air Force Base in 
October 1953. The first of two YF-102 airplanes 


` Was damaged ina wheels-up landing resulting from 


engine malfunction. The second resumed flight 


tests in December 1953. 


Аз a result of conferences with the USAF and NACA 
regarding the transonic drag rise of the YF- 102 and 
the belief that the performance capabilities of the 


YF-102 could be improved, it was decided to apply- 


the. newly: developed "Area: Rule" method of s 


E ihe after portion to i mprov e ‘the. cross- sectional 


area distribution and a majorimprovementprogram 
was instituted. The following additional changes 
were made: 


UNCLASSIRED — 


. Cambered leading edge. — . 


1 
2. Lengthened Tuselage nose and increased fuse- 


3. Fuselage tail fillets, 


1. Low- drag better vision canopy. 


. Redesigned. shock inlet ducts. 

. Provisionfor alternate engine: installations in- 
corporated in the YF-102 (J-57, J-67 and J-75) 
was eliminated. 


3 
4 
5. Extensive weight reduction throughout ai rplane. 
6 
7 


The J-57 was designated for the F- 102A only and 
the J-75 fór the F-106A. 


Thesë changes resulted in the expected improved 


performance with the J-57 engine and were incor- 
porated in the production design. 
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The production interceptor, the F-102A, is a 
single-place, delta wing, all-weather airplane 
powered Буве Pratt & Whitney J-57 turbojet, 


The F-102A is designed to meet the USAF inter- 
ceptor system requirements. Its electronics sys- 
tem is located in the nose section andis readily 
accessible for servicing through large doors on 
either side, The electronics installation automat- 
ically provides information and directs the pilot 
from take-off tothe intercept point througha tie-in 
with the ground control system (SAGE) after which 
the airplane radar locks on the target and fires the 
armament, Return to the base is directed by the 
ground control system. 


The pilot'S compartment is automatically air- 


NOTE: Performance improvements will be incorporated in this airplane during the 1957 production run. These improve- 
ments will include a revised wing camber (Case XX wing) 


arid an enlarged vertical tail. 


conditioned and pressurized to compensate for high 


altitude and high speed flight conditions, Ejection 
of the canopy and pilot seat is activated by a simple 
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movement of a control handle on the seat armrest, ` 


The missile bay is located aft of the cockpit. The 

F-102A armament includes 6 GAR-1 and/orGAR-1B 

Falcon guided missiles and 24 2.75-inch rockets, and 

the MG-10 radar fire control system, all carried 

internally. ‘This armament arrangement could бе 
supplemented by the M B-1 missile and 4 Falcon 

missiles carried internally. The MB-1 has a very 

high kill capability. 


-All fuel for the intercept mission is carried in inte- 
gral tanks in the wing. 


retroactive and is being incorporated in present production airplanes. 
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The vertical tail improvement is 
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THE USAF F-102A ALL-WEATHER INTERCEPTOR 


Rated Static Thrust at Sea Level (J-57-P-23 Engine) 


Take-off Weight (full load) دس و‎ Ub | 27. 966: 

‘Combat Weight* — ۱ ۱ ۱ __ Lb 25, 236 а 
Landing Weight**. ۱ ۱ - چا ` _ ۲ ے‎ “к 
Fuel (1050 gal) — E 
High Speed with Military plus Afterburner Power 

35, 000 feet. 2 | 

50, 000 feet - | 
Combat. Ceiling with Military plus Afterburner Power | 
(500 ft/min. rate of elimb) - . 


Time to Climb to Altitude with Military plus ` 
Afterburner Power (from start of take-off цом 
40, 000 feet: 
50, 000 feet 


Take- off without Auxiliary Devices over, 50-foot 
Obstacle with Military plus Хвогрштег Power | 9 200 


Take-off Weight - 


Land over 50-foot Obstacles (Landing Weight) 
Without Auxiliary Landing Devices - 
With 14-foot Diameter Drag Chute 


Interceptor Mission Performance 


Combat Radius - Area Intercept Mission per 
Mil-C-5011A (combat 5 min at max power) 


Loiter Time - Point Intercept Mission per 


ж Weight at start of combat for Point. Intercept Mission, 

** Landing Weight corresponding to Point Intercept Mission. 
Includes full armament and 20 min reserve fuel at sea 
level (at V for max endurance). 


Note: The above performance is without external fuel tanks installed. . 
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USAF F-102A ALL-WEATHER ` 
INTERCEPTOR 


WING 
TAIL 
FUSELAGE 
` LANDING GEAR 1045 
SURFACE CONTROLS ___ 435 
ENGINE SECTION. 


3051 
559 


PROPULSION 
Engine 
Air Induction: 

Exhaust System ۱ : 
Cooling System . 2 EL 
Lubricating — MÀ 
Fuel System | 
Engine Control 25 
Starting System ۱ : 94 


(6400) 
5015 


INSTRUMENT AND NAVIGATION . ^ — 
HYDRAULIC AND PNEUMATIC 
ELECTRICAL 


8371. 
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ELECTRONICS 
ARMAMENT. 

FURNISHINGS - 
AIR CONDITIONING AND ANTI- ICING — 237 
AUXILIARY GEAR — f  . 52 


WEIGHT EMPTY . 19277 
USEFUL LOAD 

Crew 
Fuel 1 
(Unusable) 
(Usable) 
Oil ۱ 
Armament 
Survival Kit 


GROSS WEIGHT. 
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. Current weights from Weight and Balance Status Report No. 29 dated 1 September 1956. Airplanes wi th Case ХХ. 


camber will be 81 lbs. lighter than 1$ shown here. 
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The F-102A is the first airplane to go into produc- p^ rr wai 
tion under the Air Force's Cook-Craigie procure- 
ment plan,in whichproduction designing and tooling 
replaces experimental designing and tooling from 
the very beginning. 
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The production line оп the F-102A (and ultimately 
оп the F-106 series) is maintained at Plant П, a 
government-owned facility at Convair San Diego. 
Approximately 1,573,000 square feet are used for 
airplane manufacturing purposes at this plant, Ех- 
tensive tooling and jigging facilities assure ассыг- 
ate and interchangeable components, 


The first 35 production airplanes of the F-102A 
Series. were assigned to extensive testprograms 

at Edwards Air Force Base, Holloman Air Force 
Base, Eglin Air Force Base, Ladd Air Force Base, 

~ and the Hughes Aircraft Company, Tests are con- 

| ducted on the airplane and the interceptor system 
as well as the various components of the Е-102А, 
including the radar system, rocket and missile in- 

| stallations, firing of the armament, pilot seat 

,,  éjection, tropic and arctic operations, etc. 
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The first operational airplanes of the F-102A 
series were delivered to George Air Force Base in 
California in May 1956, Future production is 
| _ charted on the next page. 
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The TF-102Ais atwo-place, delta wing, all- 
‘weather airplane powered by the Pratt and Whitney 
J-57 turbojet, It is a combat proficiency trainer 
designedfor instruction of studentsin the operation 
of the F-102A and its electronic andarmament 
components, 


The TF-102A cockpit incorporates side-by-side 


' seating, thus affording close contact between in- 
structor and stüdent, The student's position dupli- 
catesas muchas possiblethe single-place arrange- 
ment of the Ғ-102А, Components, equipment, 

power plant, armament and ope ration of, the 
TF-102A is identical to that of the F-102A. Per- 
sonnel trained in the TF-102A are ready to take 


over an operational F-102A with a minimum of 


familiarization. 


Placement of equipmentis the.’ same in the ТЕ- 102A 
and the F-102A, Maintenance and servicing on the 
trainer airplane can be accomplished in. the same 
manner and with the same ground equipment азоп 
the interceptor. 


Because its armament is identical to. that of the 
F-102A, the TF-102A, in event. of a national emer- 
gency, would be ready for immediate use as. a.tact- 


ical interceptor. 


TF-102A. performance is ver, гу élose to that of the 
F-102A, 
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USAF TF-102A ALL-WE ATHER COMBAT TRAINER 


Rated Static Thrust at Sea Level (J-57-P-23 Engine) 


Take-off Weight (full load) 
Combat Weight* | 
Landing Weight** . 
Fuel (1050 gal). 


High Speed with Miltary plus Afterburner Power 
39, 000 feet 


= Mach No. 
. Mach Мо... 


Combat Ceiling with Military plus Afterburner Power 


i - (500 ft/min rate of climb) Ft 


Time to Climb to Altitude with Military plus Afterburner 
Power (from.start to take-off run) 

40, 000 feet 2210 Ма. 
45, 000 feet. ۱ 2 223. Min 


Obstacle with Military plus Afterburner Power 


Take-off Without Auxiliary Devices over 50-foot | | с“ ۰ 
Take-off Weight | 
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d Land over 50-foot Obstacles (Landing Weight) 
2. Without Auxiliary Landing Devices 
R^ With 14-foot Diameter Drag Chute 
"E Interceptor Mission Performance 


Combat Radius - Area Intercept Mission per 
MIL-C-5011A (combat 5 min at max power). 


Loiter Time - Point Intercept Mission per 
: MIL-C-5011A (combat 5 min at max power) 


* Weight at.start of combat for Point Intercept Mission MEC ü | ; 


| ** Landing Weight corresponding to Point Intercept. Mission | о 
1 Includes full armament and 20 min reserve fuel at sea level RT | i 

$ | (at У for max endurance). > بی‎ 
hoc Note: The above performance is without external fuel tanks installed. 1 
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COMBAT WEIGHT = 25, 615 LBS. 
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ENGINE SECTION ۶ ےم مے‎ 39 
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ELECTRONICS. |. 9366 


ARMAMENT ... 592 
FURNISHINGS: . 367 
AIR CONDITIONING AND ANTI- ICING — 248 
AUXILIARY GEAR ________________. 68 
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The F-102C isa proposed advanced version of the 
 F-102A. The F-102C will be identical to the ex- 
isting F-102A except for an advanced J-5"7 engine 
and provisions for MB-1 rocket armament in the 


center missile bay. 


The advanced engine, the J-57-P-47, will replace 
the existing J-57-P-23 and will provide a notice- 
able improvement in. all phases of airplane per- 
formance. It is lighter than the J-57- P-23 because 
of its titanium construction. Use of the J-57-P-47 
requires but one dimensional change inthe airplane 
-- anincrease of 5.16 inches іп the length of the 
tail cone. 


The F-102C would be equipped to carry a versatile 
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armament load of one MB-1 rocket and four Falcon 
missiles. This offers a more flexible selection of 
weapons plus higher kill probability. The existing 


A 


load of six Falcon missiles and twenty-four 2. 75- - 


inch rockets could be carried if desired. 


No major changes are planned in maintenance pro- 
cedures or in the weapon system support program. 


Production of the F-102C would assure early deli- 


very of a weapon of higher capability than Ше“. 


F-102A. it would also prevent an interruption in 


the production program of the F- 102 series. 


The F-102C production schedule is shown at right. ۳ 
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The F-102C interceptor is а logical continuation of 


the F-102 series and is planned as an interim air- 
plane between the F- 102A and the F-106A. F-102C 
veries decline early in 1958. | 
The F-102C would be produced on existing produc- 
tion lines with only a few minor tooling changes. 
This would make possible а smooth transition from 
the F- 102A to the F- 106A by utilizing existing man- 
power and facilities in the most efficient manner. 


Further details on the F- 102C can be found in 
All-Weather Interceptor". 
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Rated Static Thrust 


at Sea-Level (1-57-Р- 41) Lb. . 17200 


Take-off Weight (full loai] — 
Combat Weight*. Lb. 25029 
Landing Weight** .Lb. 21548 | 
Fuel (1050 gal) о 1 6825 


Тр. 27633 
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High Speed with Military t 
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Mach — 1.33 
Mach 1.05 
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Land over 50-ft obstacle 
(Landing Weight) _ 
Without Auxiliary Devices 
With 14-ft Drag Chute 


Interceptor Mission Per- 


formance 


Combat Radius - Area Int- 
ercept Mission per 
MIL-C-5011A (combat 5 min 
at max power) 


Loiter Time - Point Int- 
ercept Mission per 
MIL-C-5011A (combat 5 min 
at max power) 


*Weight at start of combat 
tor Point Intercept Mission. 


ing tà Point ا ا‎ Mission . 
Includes full armament and 


20 min reserve fuel at sea 


level (V for max endurance). 


Note: The above performance 
is without external fuel tanks 
installed. 
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| , The Е-106А (formerly designated the F- 102B), now The Hughes MA-1 integrated electronics system 
| К. іп construction at Convair San Diego, is a single- makes the F-106A capable of automatic f light from 
1 ‚  . расе, delta wing, all-weather interceptor incor- climib-out to landing approach. The system auto- ` 
: , porating the latest refinements in design features matically navigates andflies the airplane (0 the tar- 
which originated in the YF-102 and the F-102A. It get on a collision course, fires the armament and 
is similar in arrangement to the F-102A but ‘has a navigates the return to any onc of 40 destinations 
more powerful engine (2-15) and is designed to per- Selected by the pilot. The pilot monitors the 5у5- 
form at higher altitudes and higher speeds, tem, performs takeoff and landing operations and. 
selects the weapons to be fired. In emergencies 
the pilot can override the auto matic system through 


F-106A armament consists of one MB-1 rocket and не | Pis 
use of manual controls. 


four Falcon missiles. The airplane missile bay has 
structural provisions for carrying six Falcon mis- i 

siles or Space provisions for carrying two MB-1 No other interceptor or fighter in the "century 
rockets as alternate arma ment loads. series" has the high kill probability of the F- 106A. 
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" __ Тһе Е-106А differs from the F- 102A in the follow- 
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1. Duct inket moved aft to accommodate a var- 
2. able inlet and to improve pilot vision, 


2. . Nose section moved forward six inches, 
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3. Missile bay changed from three separate bays "e 
to one major bay. 


4. Increased fin area. 


5. Cockpit moved forward and down to improve men 7 
electronic arrangement, | f USAF F-102A 


.6. Reduced fuselage cross-sectional area, 
7. Increased projected area of Speed brakes, | 
8. Fuel tank installed aft of cockpit, Fuel trans- 
fer arrangement. installed for CG control at high 
speed and altitude. 
9. J-'5 engine used in place of J-57. 


10. MA-1 fire control system used in place of 
` .  MG-10 system, 
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Report. No. 8 dated 15 September 1956. 


Со USAF F-106A ALL- WEATHER 
INTERCEPTOR 


ха — 
7 


E? 


> 
C 
сл 
«сл 
aln ہر‎ i Ma اس‎ Р аллаа 


< 
ЗЕ 

13 
| 
e 
دن‎ 
e 


LANDING GEAR с سک ہش‎ с | 
SÜRFACE CONTROLS. 437 
ENGINE SECTION , ___37 


PROPULSION 2-2 шиг” 
Engine Installation 5911 
Air Induction папа 888. 
Exhaust System. 264 
Cooling System 
Lubricating 
Fuel System 
Engine Control, 
Starting System 


q) Vs. a T А ۰ له‎ 
Es o TET TEE ЭЭ ЭРЭР” sien 


oA 
єл 
(о 


INSTRUMENT AND NAVIGATION . 
HYDRAULIC AND PNEUMATIC __ 


PN 
г AUW < 


WEIGHT EMPTY 


(Usable) _ 
Oil 


Мацка 


ELECTRICAL . _ 535 
ELECTRONICS oF | 2502 
ARMAMENT |. — 04ےے‎ : 
FURNISHINGS _ 263 | 
AIR CONDITION AND ANTI- ICING 346 \ 
AUXILIARY GEAR. . 53 


~ 
Са‏ لہ م کے ہے سرت 


USEFUL LOAD | 
Crew | | 1 
Fuel | | 
(Unusable) 


£= کے 
تم جس 


Armament , 


GROSS WEIGHT 


8 m ж ۳ M. КЕСТЕ 2 1%, m 27 - نف‎ 


Л 
< 


N E 


: МОК, 


| 
| 


а Z. L лите DEG: = 


+ 


ти N Fi В‏ ری 
TEXTE TI. |‏ ااا لہ 
е Sf oben‏ : 2ت 


HOLdSOHWLNIMHSHIVXA-IIV V90I-4 4VSn 


UO eM 


= 
29 
= 


۳ 


RU RE 


1 
Н 
1 
۱ 
4 
1 
j 
۱ 


zs PX Р 5 - DX 2 
F : 
3 5 i 
= 0 
b и n P] f 
b ` 
= E а +. 
V 4 ! кг 
۱ T * 1 + А = ' 
45 74 : É 
р - à 
ч 5 k 
B Е We > = ° i 
"EE, E г а | 
1 | + * £x z ! 
a 1 + в š š i 
3 | 
ы! - 
3 | i Я ۲ 
< š + ] б A 
у 4 i - ЯС Е : 
. 
` L - - тə 
z за х . Е 
3 * ~ 474 
| я 1 x . 
E i m = 
Ч ы + к 
3 “ r эл 
, қ i ; `x А à 
~ У! 7 П . 
. қ 5-0. 1 a | 
RE E 5 | 
۰ у | 
7 * Чч | 
- А ; g 1 
t . | = с | | 
Ч У : = + | 
ہے کچ‎ Ж = Е =o — دا بب‎ {ы шшш гаш. z 1 
کي‎ i 7 ^ Я - - 5 | 
Е ' ' : i 
7 + 
А 14 
= 
> ' D 
ES P + 
РА + а f 
. A M ч 1 
" H i 
t 
ےک‎ ` 
š E anis ' Í У # 
3 y PRESS ° 7 Е у 7 I 
s cis وا‎ 85 : " ۳ ж 
1 2 
| | ۳ ! + 
' Ç 2 
if: Ц 
|. = . и эь П > t 
: ES . x= | 3 1 
2 г 2. H 
т "т 2 
1 © К 
ғ | E 1 
E 4 4 
۱ _ ۱ | ! 4 Н 
ғ - L у H 
5 rt 1 E ` т Қ 
' | ы i 
ч | | 
5 Е А У = ۱ 5 голж 
3 ын | у + ; = у 
q б т ہے‎ ` * Ë 5 
۰ Е : . n 
É * i | 
n = 1 
5 ` | 
: ж ; x 
beet 
۱ eye . x % 
Tod Ж 5 Б | 
4 Р 
м ۳ fi 5 
2 "oi Зэв 
ХЭГ - à & ` А 
. 1 


ы н % TIL А mm рт و‎ „үче — سو ۔‎ w - سل‎ эз е vnn œ پوت‎ 


4 


= R- me 
Еа: اپ اس‎ 
оте Џ ai 


ALL-WEATHER INTERCEPTOR | 


UNG? ачеҥиду 


х 


۶۶ ts 


и 


` 


tion of the F-106A weapon system. 


Externally the F-106B is identical to the F-106A 
except that the canopy has been raised slightly to 
provide good visibility from the rear seat. Both 
airplanes have thié same length and span, 


The F-106B interior arrangementis the same as 
that of the F-106A except that the electronics and 
fuel equipment aft of the F-106A cockpit has been 
moved t o provide space for the second pilot, The 


auxiliary missile electronic equipment has been 


moved to the missile bay between the two forward 
Falcon missiles, The fuselage fueltank has been 
nioved aft and reduced in capacity, Tfie displaced 
fuel has been put into the wing "Т" tanks to main- 
tain а fuel load similar to that of the F-106A, 


The F-106A armament load of one MB-1 rocket and 


The F-106A and F-106B airplanes have the same 
high speed, Thé combat ceiling and range of the 
F-106B are slightly less than those of the F-106A 
due to the ‘increased gross weight resulting from 
provisions for two pil | 


ots and their equipment. 
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The present F-106 design does not provide for 
alternate uses of the airplane, The F-106, how- 


ever, can easily be adapted to missions other 
than interception because of its detachable nose 


section, large internal missile bay and its struc- 
tural strength forlow altitude, normal speed mis- 
sions, This strength results f rom design re- 


quirements for high temperature supersonic 


Alternate airplanes which may be constructed 
from the basic F-106 design are shownon the 
following pages, ` | 

These alternate versions could be incorporated 
into present production lines with a minimum of 


engineering and tooling effort, Theuse ofthe 


basic design in various ver sions extends the 
growth of the airplane and permits rapid, econom- 


ical procurement, 


UNCLASSIFIED 


76 


dme —> س٦‎ 


кені екі EL PLE 7‏ اش“ جج شس مد شس یں 
ml. mir‏ از .سب Ë 9 009971 дан‏ 
' 


pupas aa‏ پا این 


ہی سے > ود .س 


This version would require slight modification of 


the missile bays to accommodate various sizes of 
bombs. Suspension gear for the bombs would be 
interchangeable with that for rockets and missiles. 
Combinations of bombs and air-to-ground rockets 
ór missiles could be carried internally, thus per- 
mitting use of the most efficient weapon whether 
the target is moving ог stationary. External bombs 


‘or napalm tanks could be carried on detachable 


pylons beneath the wings. 


The fighter bo mber incorporates a versatile all- 


weather bombing system with loft, toss, over-the- 
shoulder, level and dive bombing capabilities . 
This system utilizes a Convair high definition map- 


ping and ranging radar and à General Electric 


bombing computer together wi th a С. E. optical 


sight head and infra-red tracker. 


Conventional bombs or special weapons could be үе-- 


leased at supersonic speeds, utilizing either the. 
optical/infra-red sight ‘with radar ranging, or com- 
plete radar operation. Provisions for installation of 
Falcon missiles and rockets would allow the fighter 
bomber to double as an interceptor if tactical condi- 


tions so required. 


An inboard profile of а two-place, tandem version 
of the fighter bomber is shown on succeeding pages. 
This alternate arrangement could be used for train- 
ing purposes or for tactical missions, The arma- 


ment shown in the tandem version profile would be 
interchangeable with that shown in the profile of the 


single-place fighter bomber. 
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This. version would utilize space in the nose sec- 
tionfor various camera installations, Easy access 
to the cameras would be possible through thelarge 
doors provided for electronics equipment in the 
basic Е-106А, 


‚ An installationfor strike and bomb damage assess- 
ment would provide for rotation of a camera to any 
one of five positions controlled from the cockpit, A 
television viewfinder would be installed to aid the 
pilot in aligning the cameras or in flying on a 
giv en t tr 2 ck" . 
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For night photography, photo-flash bombs could be 
dropped from the missile bay or an infra-red sys- 


tem might be used, 


With thé equipment now on hand, it would be possi- - 
ble to take large-area terrain pictures at altitudes 
ranging from 10,000 to 50, 000 feet. More ad- 
vanced camera "systems" are now being developed, 
including provisions for picture correlation with 
ground headquarters while the airplane is still in 
flight. 


Hie AT Ti 


NOTE: This arrange- 
ment is the.same for 
the three reconnais- 
вапсе versions which 
follow 


113.71” 


» 


550 GAL. FUEL TÄNK- 


.39*- 51352** 


کے 


۷ء15 - 


UNCLASSIFIED | TED" 


PHOTO RECONNAISSANCE 


СА-16, КА-8 OR KA-2 - 6" LENS 
"WITH. ۸-14, A-26 OR. А-28. 
ہے‎ MAGAZINE 


= 
= 


8 -24" LENS WITH 


пиар ИЕ а o LR BOR AJSMAGAZINE — —‏ صصح ےی 


АМТ! 


I: VIBRATION 
MOUNT Эн 


СА-16, КА-В OR КА-2--6” LENS 
WITH L:S-6. STABILIZED MOUNT 
(A-14, A-26 OR A-28 MAGAZINE) 


KA-2 - 12" LENS WITH 
۸-14: А-26 ОВ A-28: 
MAGAZINE: 


` 


STA. 4 


_/КА-16, КА-В OR КА-2 -6" LENS 


WITH A-14, A:26:0R. А-28 
MAGAZINE 


TRICAMERA 
" | ARRANGEMENT 
CAMERA. UNIT STA. 2 | | 
ТУ VIEWFINDER 
INSTALLATION 


CAMERA 
STATIONS 


L5-6 


L گج‎ S кестен 
STABILIZED MOUNT REMOVABLE CA 


MOUNTS 


CA-16 OR КА:2 - 6" LENS WITH 
А-14, A-26 08 A-28 MAGAZINE 


K-38.« 24'" LENS 
WITH А-8 ОК A-25 
MAGAZINE 


بے 


СА-16 OR KA:2.- 6" LENS 
gg WITH A714, A-26:OR А-28 
MAGAZINE | 


X 


Pe ЧИ ا‎ а. а зоо 
в 


Ка 


PLAN VIEW 


JFF ANTENNA: 


1 


CAMERA STATION 


CONTROLS ACCESS DOOR 


АГ а къ. 
' 


۱:38 - 36" LENS WITH 
А-В OR. А-25 MAGAZINE 
WITH 1.56 STABILIZED 
MOUNT 


T.V. VIEW 
FINDER 


ARC-34 UHF , 
TRANS-RECEIVER АКМ-31 
ЅЕСТ. А-А STA. 5 IFF ANTENNA REC IVER 
АМ/АВА-25 / (54. WO | 
SPLIT VERTICAL _ ECEIVER \ AMPLIFIER. RECEIVER TANK 
CAMERA-ARRANGEMENT \ 5 | . 
ACCESS DOORS TO | 
CAMERA СОМРТ. 


CAMERA 
STATIONS STA. 102. 


itane ت‎ l — . mtm жт. —— n. 

E (t ‘ ze 
E. - : XC 
. » 

7 ғ 
- - š 
2 . 
- 


> CAMERA UNIT — ^7 
را‎ у МЕ FINDER TRI-CAMERA _ 
+ 1 оо Ü 22 INSTALLATION: ARRANGEMENT 


~ 


CAMERA __ CAMERA CONTROLS BLADDER TYPE AUXILIARY 


INTERVALOMETER FUEL CELLS 
HNCLASSIFIER — 


M حت یس‎ À — — 


Пат r= 


х алх Ред кейі 


t 


T ہے‎ st — r ЛА. шаш, 


-w 
— аш. 


PHOTO RECONNAISSANCE — ~ 


TAIL 
FUSELAGE 
LANDING GE AR 

SURFACE CONTROLS 
ENGINE SECTICN 


PROPULSION . 
Engine 
Air Induction — 
Exhaust System | 
Cooling System 
Lubricating 
Fuel System --- 
Engine Control . 


Starting System 


INSTRUMENTS AND NAVIGATION سب‎ 
J HYDRAULIC AND PNEUMATIC . 
ELECTRICAL - | 


ELECTRONICS. 


- External Tanks and Pylons 


FURNISHINGS . 
AIR CONDITION 
AUXILIARY GEAR ۔‎ 
PHOTOGRAPHIC 


WEIGHT EMPTY 


USEFUL LOAD 
Crew 
Fuel | 
(Unusable)— | 
(Usable) 
Oil 


Cameras — 


GROSS WEIGHT. 


.. 
- سید ےا ورس سا سے ہج ee‏ 


. 
zt 
| ^ov 
Ч 5 E 
+ ws HOM 
Н | : ЖҰ 
- 4, ` ге `. 
¿Tl باد او از‎ 


n ۳ 
Па i 
1 К ЭЭН: 
3 ^ a 
` 7 
io 1 e ED 
У. t PEE E ا‎ з E "— LLENAS th, 
Tom mom — ہے‎ rg Lp coed a ш LAB مو ٹیم‎ eat al домати Зар Аш ي‎ ttu فی‎ Kd Eoo ہس‎ АНКА 
8 à 
“% А 


UNCLASSIFIEG 


En یں ےد ری‎ een TIR = PE کاس‎ a mene ee ee — 


мо 


фее ёо MP 


ot 
== 
Ж 


Жо. ہار‎ ee MOM 
I OAM Ere 


Yn. 2 
На: 
Ed = 
Зак & 7 4 


f. 
3 Ғ-Ң 6 рь aia, 3 
4 а "i 7 с ۲ 
: سک‎ кат. У 


Ұға 


құқым чер, ы 5 
(а Abe "b 


Um 


ای 
чи,‏ 


^ 


DC ERK 
Гүй j 
: Гүй MM 
42: اوت‎ noo. ما صلی‎ TUM EV Fe mii a ETO od 
ДЖА, کرت‎ УЛЫ et 


О4 1) I ÀJ. gem аў... 0 M А "Hu Ж 
BELT s = ' geh E, T 


ж 
г” 
Foxx. 
ар 
t 
M E 
0 


+ Ae 
эй, 
ЧАГ ДОЛ 


Ja" > 
195 


+ n KEN | 
М Ж MEE * 


X x. 26 | 
прес ра 
ты 


тр 000 ‘OL 
"1011091 


114293 риє гепоце 


-19до лор papseu еүер 801610059 лор 194545 зөхлөр 


зе эмо рие premioj ouo 


"Иша 900۵۵ 
‘sdnois vuuojue OM} surejuoo urəlsÁs јаллој ML 


ay} 03 чоцтрре ur шэ)в45 Заприен ewa eouessreu 


1 oP PBA 


аерел ҙаэләр 


тм‘ 


+ 


“восодлпд тео 


оў dn рхооәл иво 1194845 (9 3 91 әчү, 
Ч) U3 


€ asnoy рпом UOTS дол 5141 JO ۵۲۵98 98500 ou], 


e 


їрхоээл рие SurzÁTeue “поцодцер 


*uorssrur iod s 


= S 7 جج‎ YE TE 


13141551280 


۵0008521002 9 


= 
= 
сл 
02 
= 
= 


۰ 


-әр Jó SUH Aq} pue səoanos 11911 JO чотувоот 941 


• Коџапролј азөц) Surpzooəz pue Surjoojep “влерел 
. udie10g 909592931۲ Jo 914848 92.51 0194545 5144 


quowidinba Зи 


-Пооән рәтгедеші рипол8 e зэрптоит urojsÁS әчү, 
"3 
7 


5 
= = + 
Lu 
= 


| мэ | ` ` UNCLASSIFIED 


Fen Boa Rm Profile ПП. 
; ANALZ: 


FERRET RECONNAISSANCE AIRPLANE ` 2 UNIT B~ 
(ALL WEATHER) po сант PROGRAMMER 


< 
m 
> 
pc 
Е 
-4 


UNIT А. ده‎ 
‘PROGRAMMER, 


,` سے 2 i a = НЭГЭ” А. iz Bi ie] Ja С‏ شس 
ки Н POWER‏ 
RECORD..SYST. | SUPPLY‏ 
PROGRAMMER <‏ ^ 


> UNIT C ANAL. DIGIT 
7 uS. , СОМУЕВТ 


2 | PROGRAMMER 
„АМА 2 АМА (2. UNIT A, 


LFDA UNIT 81 UNIT 8, UNIT Ay 


. E 
Е 
| 
| 

UNIT C 1 
i 
| 
| 
| 

* 
| 
! 


' PROGRAMMER 
RELAYS UNIT By m 


' B-B 


CENTRAL. 


RECORDER? ANALZ 


B STA. 102 


DIRECTION. ANALYSIS — . š 


418-1000 MCS DIRECTIONAL _ | 
ANTENNA NOT YET LOCATED ка 


ошдлэм 


T тыз : w 49 ТН ТА CTETE T) 


Я Uc. مج‎ ажа, : 
КЕС ЧАМ АЖЭЭ 
А зо . T کو‎ А 


* à 


Е ریچ‎ ха? „ACCESS 
цар роон 

IS ELM Rd 

"TM 44 А 5 М 

ц ята ۲۱ S.B w ТИ таи ПИ 

=o ~ 2 

۰ gxr ER 


` Gi TAL | VIDEO — — s 
: RECORDER RECORDER 
ситен. PACK, 
ت9‎ 2-2 nma o. МАМЫ с 0+7, .. _ _ : 
20208 < COMPUTER GYRO Ë 
. INTEGRAL FUEL- TANK | | 
| | 
f 
LS 
е — GROUND LINE | 


61-168 MCS . | | | 

693-1000 MCS | ۱ ' 

=1 68-416: MCS. ' я 

- AN 
| 


FREQUENCY ANALYSIS. - - 


ИИ 


With-this -configuration reconnaissance. missions _ _ | 


would be feasible in any weather condition at any 
time. 


The system includes the nose-mounted radar 
receiver-transmitter unit and antenna, with co- 
operative units mounted slightly aft. An indica- 


tor would allow the pilot to observe the radar's 


"sight" and an auxiliary indicator and its а550- 
ciated camera would permanen tly record the 
acquired data. 


It would be possible t o install.additional units in 
the missile bay with a minimum amount of modi- 


fication to the airplane. 
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With this arrangemen t it would be possible to 


collect more accurate information of weather 
conditions at distant points from ground stations, 
This information would be valuable as a naviga- 

` „ tional aid and іп cases where precise and im- 
mediate readings must be taken prior to tactical 
missions. 


The installation provides for recording of light 
and heavy turbulence within storms or cloud for- 
mations and could be used as a ground search 
function, 


Space would be provided in. the airplane for equip- 
ment totransmit data to ground weather sta- 
tions arid also for the installation of receiving 
units, radiosonde packages and radiation level 
measuring equipment. 
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МОТЕ: Performance data on tbe proposed alternate 
versions is SECRET. For further information on the 
performánce of these airplanes, see Convair reports No. 
ZP-8-026 and ZP-8-038. 
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Preliminary. design studies at Convair have devel- 


oped advanced Е- 106 configurations which offer sub- 


staritial increases in. performance. 


Now under study is an airplane designed to function 
as a weapon system which would be effective at con- 
siderably higher speeds and altitudes than those at- 
tainable by the F-102A. 


larger thruste engine S sand | bienes. оне arma- 
ment, 


The proposed weapon system would have а high са- 


pability. 
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‘The F-102 weapon ‘System is so designated be- 
cause the 7-102 airplane 18 the primary vehicle 
ofthe system, But unless this primary vehicle 


receives full support from all other components, 


including sub-systems, ground equipment and 
personnel, it cannot be expected to achieve its 
design performance, 


Thus, in addition to building the F-102 airplanes, 
Convair has been developing a weapon support 
program to complete the coordinated F-102 in- 
tercept system, 


GROUND SERVICING 


To help maintain a maximum state of readiness, 
Convair has made the F-102 extremely easy to 
Service, Two large doors in the nose section 
provide access to the radar equipment. Ground 
check-out is simple and quick, If a replacement 
is required, a modular unit may be pulled out 
and a new one installed in à matter of seconds. 


Other systems are equally accessible, A pres- 


sure refueling system allows Single point refuel- 
ing in the main wheel well, The pneumatic sys- 
tem may be reached from the Same area, 


Hydraulic Supply may be replenished through a 


door just forward of the wheel well. 


The entire engine accessory section is acces- 
sible through belly doors. 


The F-102is designed to be completely re- 
Serviced within 15 minutes after engine stop and 
ready to re-scramble within 20 minutes of en- 
gine. stop. 


TRAINING PROGRAM 


The F-102 iraining program seeks to familiar- 
ize ground crews and pilots with the overall 
System. and mode of operation, to develop skills 
to the levels demanded by the complexities of 
the airplane and its allied equipment. 


The training program includes publication of 


such manuals as the "F-102A Weapons System `. 
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Support" (Convair Report No, ZM-8-146), which 
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describes the weapon system in relation to auch 


factors as squadron organization and planning, 
base facilities, maintenance, supplies and oper. 
ations. ох 


Follow-up programs are aimed at improvingthe 
airplane and meeting unforeseen problems aris-. 
ing out of the new weapon ‘system concept. 


_ Similar systems will be incorporated in the 


F-106 programs, 
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is an integral part of the F-102 support task 
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F-102A airplanes are being produced at Plant П 
of Convair's San. Diego. division, Plant П, a war- 
time facility réactivated for the F-102 program, 

is equipped and tooled for fast, accurate produc- 
tion, 


Accessibility is a key feature of Plant II opera- 
Eighty-nine assembly stations keep sub- 


workers, Assembly fixtures are designed so 
workers can reach the equipment from,both sides 


at once. 


Components move from station to station as in 


an auto aSsembly line, Primary equipment is 


installed before component assemblies are mated 
into fuselages and wings. 


Production has been held at a relatively low rate 
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during early stages so the first airplanes could 


be thoroughly tested before heavy production be- - 


gins. The F-102A prodüction program, however, 
has been designed to permit rapid acceleration 
on short notice, 


Convair has also set up F- 102A facilities at three 
other locations. 
program is carriedout at Edwards Air Force Base 


in California's Mojave Desert. A production flight 


test t center is located. at Palmdale, وت‎ and 


Tih ит 


New Mexico. conducts rocket and оне Gee. 


Production of the F-106 airplanes is phased into 
the ۲-102 line. А slight dip occurs in the pro- 
duction curve due to the F-106 program awaiting 
test program affirmation of prototype changes. 


An extensive experimental flight - 
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GENERAL 


The history of this airplane dates back to 1949 when the United States Air Force advertised to the various aircraft 
manufacturers for design bids on an all-weather interceptor. Convair entered its design of a delta-wing, jet propelled 
airplane. This design was selected as the most desirable and a contract to design and build the F-102 prototype air- 
plane was received on 31 August 1951. 


> 


Designing the airplane to the specifications of the Air Force meant the packaging into the smallest volume possible an 
enormous jet engine, a maze of electronic fire control equipment, a large fuel capacity and a full amount of armament. 


The engine prescribed was still in experimental stages at the manufacturer's test laboratories. Тһе integrated fire 
control system and the airplane were being developed concurrently. The three programs were under separate contract 
and were so interdependent that a delay in the development of one meant a disruption in the schedule for the others. 


In the early stages of the development of the F-102, it was necessary for the Air Force and Convair to revise much of 
the standardized aircraft design data from time to time as the state of the art progressed. At that time, data relative 
to the design of supersonic aircraft was based on theory or calculation with little flight experience to prove its effec- 
tiveness. 
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То aid іп the training of pilots, a side-by-side trainer version of the F-102 was produced and designated as the TF- 
102A airplane. It has complete electronics and armament systems aboard for instruction in the combat techniques to 
be used by the interceptor pilots. 


f 


Concurrently with flight tests of F-102A aircraft, Convair proceeded with the development of the F-102B design. The 
mockup model has been inspected by the Air Force and detail design is now well advanced for the prototype airplanes. 
Detailed information on the F-102B airplane is given in a later section of this Brochure. 
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The chart on the opposite page shows the organization structure of Convair-San Diego, A Division of General Dynamics 
Corporation. The organizational units shown are involved in all aircraft programs under both Commercial and Govern- 


ment Contracts. 


The F-102 program is one of the Government Contracts and under which Convair is producing the Air Force F-102 All- 
Weather Interceptor. Included in this Manufacturing Plan are only those organization units whose major role of opera- 
tion is dedicated to the production of the F-102 airplane. It is not the intent to overlook any organizational units who 
are contributing indirectly to the F-102 program. Although not described, these units are an essentia] part of the pro- 
gram and are acknowledged here for their contributions. The organizational units which are directly responsible for 
the planning, organizing and controlling the F-102 program are described in the following pages of this section. 
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SAN DIEGO 


The chart on the opposite page shows the firm and planned manpower for all Convair-San Diego programs. 


Direct labor, as shown on this chart, is to the Convair definition and includes all manpower used on/or chargeable to 
Engineering, Experimental, Tooling and Factory direct labor operations. 


Indirect labor, as shown on this chart, is to the Convair definition and includes all support department functions such 
as Contracts, Manufacturing Control, Material, Plant Engineering, Long Range Planning, Estimating, etc. 
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Ciomtracts 


The chart on the opposite page shows the Contracts Department Organization structure and direct line of authority to 
the Manager. The Manager of the Contracts Department. is responsible for the negotiation of all contract terms and 
preparing contract documents. The F-102 Contracts organization is established on a project basis wherein a Chief 
Contract Administrator is responsible for the handling of all the contract conditions and contract documents of the 
project. The Chief Contract Administrator of the F-102 program has no responsibility for any other Convair pro- 


gram. The Chief of Parts Sales Department is responsible for all activity on support items to the customer, such ав: 


spare parts, service kits, special tools, and ground handling equipment. 


CONTRACTS ADMINISTRATION SECTION 


The F-102 Contracts Administration Section negotiates and administers all contracts relative to the F-102 aircraft 
and changes thereto. This section conducts negotiations on contractual matters including cost proposals as well as 
accountability for and disposition of Government property. They authorize, by means of Sales Orders, all activities 
under supply and maintenance call contracts and coordinate with all other departments to deliver products in accord- 
ance with contractual schedules, price and conditions. 


PARTS SALES DEPARTMENT 


The Chief of Parts Sales reports directly to the Manager of Contracts. The general function of Parts Sales is to sup- 


ply Convair-San Diego customers the necessary spare parts, service kits, special tools and ground handling equipment 
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CONTRACTS (cont) 


and related maintenance articles to support Convair-San Diego products, coordinating with the Engineering Depart- 
ment, and other departments involved, to insure the accomplishment of contractual commitments. 


As noted on the organization chart on the opposite page, Parts Sales is separated into two basic groups or functions: 

(1) Parts Sales Administrative, and (2) Parts Sales Provisioning. Although both the Administrative and Provisioning 
Sections have responsibilities relating to all models, there is in each section a group assigned specifically to the F-102 
program. 


The F-102 Administrative Section responsibilities consist of negotiating with the Air Force, all contractual matters 
involving support articles, tne administration of the sales of such articles, and to establish a close liaison in order 
that all phases of support programs may be administered to the advantage of both Convair and the Air Force. 


The F-102 Provisioning Section responsibilities consist of the preparation of the proper technical data to provide the 
Air Force with the necessary means to adequately provision support articles; to establish support article requirements 
with the Air Force; to determine and accomplish ordering of all support articles; and to review all engineering changes 
to insure such support articles are in compliance with up to date engineering releases. 


The major contracts applicable to the F-102 program and a brief summary of their major contents are listed in the 
paragraphs that follow: 
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A CONTRACTS (cont) 


A letter contract designated as Supplemental Agreement No. 3 to Contract AF33(600)30169 for implementation of en- 
gineering and long Jead time procurement of F-106B airplane is expected from AMC in June 1957. 
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The Program Control Section of Long Range Planning for the F-102 program, аз shown оп the organization chart on 
the opposite page, shows the direct line of authority through the Manager of Long Range Planning to the Manager. This 
section of Long Range Planning is devoted solely to the program planning and status of the F-102 projects. In addition, 
there is a section shown on the organization chart as "Change Administrator". 


CHANGE ADMINISTRATOR 


The Change Administrator's function has been established to control all activity related to Convair initiated changes 
and Air Force requested changes. It is his duty to properly program each change into the F-102 aircraft, taking into 
consideration availability of engineering, material and shop manufactured parts. This schedule information is obtained 
from an organization known as the Change Analysis Group and is made up of representatives from all departments. 


PROGRAM CONTROL SECTION 


The Program Control Section for the F-102 program reports to the Project Administrator who is responsible for all 
program planning and coordination of F-102 activity. It is this section that develops all programming on new models 
of the F-102 major changes to the existing programs. This is accomplished through a coordinated effort with all 
departments concerned taking into consideration available manpower, factory space, material procurements, tooling 
requirements, manufacturing span and overall timing in support of Air Force requirements. 
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F-102 LONG RANGE PLANNING (cont) 


This section is responsible for the development of the Manufacturing Plan, Air Force required production and status 
reports and coordination of all departments in programming of CTCI Boards, Mockup Boards, etc. In addition, the 


responsibility of coordinating Facilities requirements with all departments and preparation of Facilities brochures 
rests with this group. 


The Program Control Section develops the Division status reports and recommends program direction in problem 
areas to offset possible delays in meeting the contract commitments. 


The Program Control Section of Long Range Planning maintains a complete chart control of all phases of the F-102 
program. Displayed in the Chart Control Room are 30 x 40 charts which depict the schedule status and program plan- 


ning for all models of the F-102. Contained throughout this Program Plan are charts that are typical of those dis- 
played in the F-102 Chart Control Room. 


Pilectronmnieces Plan na imn = 


a coordinated plan for the incorporation of the MG-3 Fire Control System in the F-102 interceptor. The problems 


proposed plan was developed and presented 
to the Air Force for approval. On 1 September 1953, the plan was approved by the Air Force and put into operation 
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The MG-3/F -102 Joint Plan proved to be a major factor in delivering tactical airplanes to the Air Force. The reason 
for this was due to the excellent coordination between the two contractors,mainly in the engineering, manufacturing 
and field support activities. 


The MG-3/F-102 Joint Plan resulted in such a successful accomplishment of the mission that a similar plan is now 
being proposed for the MA-1/F-106A program. 


The following two charts were established to depict the electronic equipment support status for the airplane training, 
field support, factory support, retrofit, MTU and test benches on the F/TF-102A and F-106A programs. As soon as 
it becomes practical, a chart will be developed on the Tandem F-106A program. 


It is through the use of these charts that Convair and Hughes are able to maintain status of the overall program as to 
electronic support. 
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Master Delivery Schedule 


The F-102A Master Delivery Schedule, as Shown on the opposite page, presents a graphic picture of the existing con- 
tract schedule and adjustments as a result of the "Big Tail" change. During the period from September 1955 through 
March 1956, there was an adjustment in the schedule to allow for the incorporation of changes in order that the air- 
plane could meet the specification and performance requirements. This adjustment was coordinated with AMC and 
other responsible Air Force agencies prior to the actual implementation. 


Convair was able to deliver aircraft in accordance with this adjusted schedule. 


Present indications are that the pre- 
sent contract schedule will be met. 


The shaded areas on this schedule indicate the start of fabrication of each lot of production parts. Arrows are used to 


airplane is factory complete and where each airplane is de- 
livered. 


EXAMPLE: Airplane No. 191 starts fabrication on 1 April 1956, the fuselage section starts approximately 5 June 
1956, the factory completion is in October 1956 and delivery is made in January 1957. 
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Master Delivery Schedule 


The TF-102A Master Delivery Schedule, as shown on the opposite page, indicates the existing contract delivery sched- 


ule. The adjusted delivery schedule was due to the Specification Conformance requirements and actual deliveries ac- 
complished to date, 


Since the TF-102 airplane has been undergoing extensive flight testing to eliminate the buffet problem, the scheduled 
deliveries have been held up. This was in accordance with an Air Force "stop order". 


Since then, it has been determined that the existing canopy can be modified to incorporate a vortex generator configura- 
tion. The total program is now in the process of being reviewed to establish a firm delivery schedule. The lower por- 
tion of the chart is to be interpreted in the same manner as that outlined on the F-102A schedule chart. 
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Master Delivery Schedule 


The F-106A Master Delivery Schedule, as shown on the opposite page, is not firm as of the date of this printing. The 
schedule shown is the contract schedule; however, it is now in the process of re-evaluation by the Air Force. The 
shaded areas shown on the chart, as well as factory complete and delivery dates, are to be interpreted the same as 
those of the F-102A Master Delivery Schedule. 
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Ist PRODUCTION AIRPLANE (MODEL 8-21-1 — СУАС МО 3) 
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Ав а result of the pitch/roll coupling problems being encountered on other "Century Series" aircraft, analytical and 


flight test studies of the pitch/ roll coupling problem were conducted on the production F-102A airplanes by the Con- 
tractor during August 1955. 


Flight tests of the F-102A airplane with the 68 square-foot area vertical fin demonstrated that the airplane was un- 
restricted for positive quadrant rolls. It would be necessary to limit 360? rolls to a maximum rate of 80° per second 
to prevent encountering Structurally disastrous effects of pitch/roll coupling. As this 80° per second roll rate was 
too restrictive for the mission of the airplane, an artificial stability augmentation system was added. With the addi- 
tion of the side slip feed-back to rudder system installed, flight test demonstrated that the airplane was free from any 
pitch/roll coupling effect. The airplane, as such, was now a fully tactical article conforming to specification re- 


quirements. Due to the question of the reliability of the artificial stability System raised by the Air Force, the Con- 


tractor proposed that flight tests be conducted on an increased area vertical fin on an F-102A airplane as a possible 
alternate solution to the problem. 


During the flight tests of this airplane with the 95 square-foot vertical tail, it was demonstrated that adequate direc- 
tional stability was obtained without the use of artificial augmentation. 


Subsequently, ECP No. 1131 was prepared by the Contractor at the request of the Air Force. This ECP stipulates 
Convair would have suf- 


that ADC would accept 25 small tail airplanes to activate the first squadron. By so doing, 
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CASE XX CAMBER WING (cont) 


This change requires that the existing dies for the Wing Spars No. 3 and No. 4 be reworked. All present die forging 
vendors were contacted to establish an increased production schedule which will deliver the required amount of spars 
necessary to hold the production schedule. As a safety factor, blocker-type forgings will be produced and used in a 
minimum number of airplanes to allow the vendors sufficient time to rework the wing spar dies. 


The phase-in program has been scheduled to extend over approximately a five month period starting with Airplane 
8-10 No. 410 which will be delivered in June 1957. The phase-in portion of the program will be completed by October 


with the delivery of Airplane No. 629. Under fhis planning, a total of 192 airplanes will incorporate the Case XX 
Wing change within the existing F-102A contracts. 


The Beech Aircraft Corporation has been awarded the contract for the production engineering for this program and is 


currently on schedule. 
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Fona gineering 


The chart on the opposite page shows the structure of the Engineering organizational units involved in the engineering 


tasks of the F-102 program. The duties and responsibilities of these units are described briefly in the paragraphs 
that follow. 


RESEARCH AND DEVELOPMENT SECTION 


The Research and Development Section is responsible for all technical design and theoretical analysis required in con- 
junction with the actual mechanical design of the airplane. In addition to this, its major function is to conduct the nec- 
essary research and development work and preliminary design studies for improvement in the basic airplane as a 
tactical weapon. This includes work in Aerodynamics, Dynamics, Thermodynamics and Radar and associated elec- 
tronics guidance systems. In the preliminary design phase of a new or improved version of the airplane, the neces- 
sary people from the Technical Groups and Design Groups are collected together and placed under the Chief of Prelim- 


inary Design. Here they evolve the necessary airplane modifications or new design as is appropriate up to the state of 
a proposal for submittal to the customer. 


CHIEF DESIGN ENGINEER 


The Chief Design Engineer is responsible for all of the mechanical design of the actual airplane and any test stands 
used for the development of the airplane. In addition to being responsible for the six major design groups he is also 
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ENGINEERING (cont) 


charged with the responsibility of seeing that other necessary functions, such as: producibility; checking of the de- 
sign, drawing, checking for accuracy and content of the necessary information; the necessary lofting for translation 
of the engineering design into tooling; the engineering liaison between the engineering department and the tooling and 
production factory departments. A major responsibility assumed recently by the Chief Design Engineer was the in- 
corporation of a section responsible for maintenance engineering, support system design and operational support plan- 


ning. The airplane detail specification which governs the detailed design of the airplane is also prepared under the 
direction of the Chief Design Engineer. 


F-102 PROJECT OFFICE 


The F-102 Project Office is responsible for the management of the F-102 program within the Engineering Depart- 
ment. In this regard, it handles the coordination between the customer and Convair in all matters pertaining to the 
engineering field. It is also responsible for interpreting customer requirements to the various sections of the En- 
gineering Department in order to see that Convair's program satisfies the customer's desires. The F-102 Project 
Office maintains cognizance of all engineering programming to see that the requirements are compatible with the 
needs of other department requirements and that the work is done on a timely and efficient basis. 


ENGINEERING FLIGHT TEST 


Engineering Flight Test is under the cognizance of the Chief of Engineering Flight Test. It is his responsibility to see 
that the F-102 Flight Test Program is planned, the instrumentation systems are designed and that the actual flight 
test operations necessary to execute the flight test program are conducted. 
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MANAGER OF SERVICE ENGINEERING 
The Manager of Service Engineering is responsible for all functions involved in support of the airplane in operation in 
the field. In order to effectively accomplish this task, he has a Service Engineering Section which maintains complete 
files on all service difficulties experienced with the airplane. These are obtained both f rom unsatisfactory reports (UR's) 
submitted by the Customer and internal reports submitted by the Field Service Representatives. The Field Service 
Representatives are stationed at each base where F-102's are located. It is their job to assist training Air Force 
personnel in the operation of the airplane and to provide direct liaison with the Company for any assistance that may 
be rendered to the operating command. In addition, the Service Engineering Section maintains the necessary liaison 
with San Antonio Air Materiel Area (SAAMA) for engineering data involving Service Action changes. The Publications 
Section is responsible for the preparation of all contract required handbooks for use in the maintenance and operation 
of the airplane. In addition, the Parts Catalog for use in provisioning is prepared by this section. Recently a new 
section was added in this function entitled "Change Services". It is the responsibility of this section to prepare all 
Engineering Change Proposals (ECP's), for both Production and Service Action. In addition, this section is respon- 
sible for modification engineering. Here they are required to accomplish,by Service Action means on airplanes al- 
ready in the field, those changes that have been incorporated in production and felt desirable for field incorporation. 


ENGINEERING MANPOWER 


Direct manhours are those engineering hours e 
ment of a particular article, 
can be definitely identified wi 


xpended on/or chargeable to the design, liaison, testing and/or develop- 
including such items as operational handbooks and data requirements. These manhours 
th the particular contract and are bid as a separate item of cost in the contract. 


The two charts on the following pages show the Engineering Manpower plan for the F-102A, TF-102A, F-106A, Tandem 
F-106B and future activity. The manpower as projected has been established as the normal requirement to support the 
program. Steps have also been taken to have, às needs dictate, various Engineering Subcontractors to support any 
unusual engineering activity that was not contemplated in the manpower forecasts as shown. 
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Airplane Version {зин нир ہے جع‎ E^ 


Е-102А 


The F-102A program and its background history have been presented in Section I of this brochure under the title of 
"Background" on page 4, 


FUTURE PLANS - F-102A 


Concurrently, investigation and development has proceeded toward increasing the performance of the F-102A aero- 
dynamically. The Case XX Cambered Wing has been evolved, and will be phased into production, Advantages of this 
latest wing development will be an increase in attainable altitude, increased stability at low speeds and less drag. 


Preliminary work is proceeding for incorporation of the MB-1 armament configuration in the F-102A. The aim is 
toward the possibility of incorporating this configuration in the production line and by retrofit. 


Investigation is proceeding with Pratt & Whitney on the utilization of the increased thrust titanium engine which will 
save weight and increase the performance accordingly. 


бүрнээ deletion - A study has been made to determine the weight advantage of deleting all rocket armament. A reduc- 
ton of 625 pounds could be realized. (NOTE: Incorporation of the titanium increased engine thrust and deletion of 
rockets would effect a combined weight reduction of 875 pounds. ) | 
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AIRPLANE VERSION SUMMARY (cont) 
TF-102A AIRPLANE 


The TF-102A airplane is a two-seat, side-by-side, high altitude, interceptor airplane powered by a J-57 Pratt & 
Whitney turbo-jet engine. This airplane is designed to train student. pilots in the operation of the F-102A airplane 


and is equipped with an MG-10T Fire Control System which enables the airplane to be placed into immediate service 
in an emergency as a one pilot tactical interceptor. 


Aft of Station 310.25, the airplane duplicates the F-102A configuration. This side-by-side arrangement necessitates 
the alteration of the cockpit in such components as the air intake ducts, dual controls, windshield and canopy and the 
location of internal equipment. However, the left-hand student's station contains all of the F-102A cockpit items ar- 
ranged in essentially the same location which makes a one man operation possible. 


À serious buffet problem was encountered on the No. 1 TF-102A airplane during flight testing. Transonic wind tunnel 
testing was started immediately in the Contractor's wind tunnel facility using 1/8-scale models to determine a buffet 
remedy. As a result of these tests, a cut-down version of the basic canopy was installed in the No. 3 TF-102 airplane. 
In addition, one-inch vortex generators were installed on both airplanes. 


Flight tests conducted on both airplanes for comparison indicated that the buffet problem on the No. 1 TF airplane was 
considered an improvement. It was eliminated completely on the No. 3 TF airplane. However, the restricted visi- 


bility imposed by the cut-down canopy on the No. 3 TF airplane was the basic factor in determining to continue the 
production of the original canopy with vortex generators. 
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AIRPLANE VERSION SUMMARY (cont) 


Go-ahead was receivedfrom the Air Force to this effect which included Contracts AF 33 (600)-23903 and AF 33(600)-29264 
for a total of 48 airplanes. The Contractor is preparing a proposal which will reactivate the TF-102A program and 
deliver a minimum number of small tail airplanes as soon as possible to support the initi 
tion training, The balance of the 48 airplanes, with the exception of those assigned to the flight test program, will be 
delivered with enlarged tails after ARDC approval of the roll 
TF-102A airplane which is being expedited through modificati 
canopy configuration. 


Official confirmation of cancellation of 68 TF-102A airplanes under Contract AF 33(600)-31174 was received 5 July 
1956. This cancellation left a balance of 63 TF-102A's to be produced under this contract, bringing the total under all 


three contracts to 111 aircraft. The Contractor is now preparing a basic schedule for total deliveries of these 111 air- 
craft. 


F-106A AIRPLANE 


In May 1954 it was determined that the F-102A airplane would have to be re-designed to be an optimum, airplane for 


the J-57 Power Plant. Revising the F-102A airplane to the F-106A airplane was then no longer a matter of a simple 
installation of a higher thrust engine in the basic airplane. 


An extensive Wind Tunnel program was undertaken to de 


velop optimum wing fuselage combinations to provide the best 
utilization of the higher thrust engines and the MA-1 Fir 


e Control System. This program resulted in the retention of 
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AIRPLANE VERSION SUMMARY (cont) 


the basic F-102A wing plan form with an improved wing camber. It also resulted in the decision to use the J-75 en- 
gine in lieu of the previously planned J-67 engine. To accomplish the interceptor mission at the required radius the 
gross weight of the airplane was increased approximately 5500 Ibs, the result of the incorporation of a heavier fire 
control system, the larger engine and the increased fuel capacity. 


The prototype of the F-106A airplane which is scheduled to fly in December 1956 represents the culmination of this de- 


sign effort and will produce the most advanced interceptor airplane that the state of the art can produce at this time. 
It meets all the basic requirements of the initial MX-1554 program and is based upon the proven design concept of the 
F-102A airplane. 


171424; А Future Plans 


For the past year Convair has been studying methods of improving the ۳-102 Interceptor. The first step was to con- 
sider speed improvements that would completely utilize the potential in the present dural structure. It was found that 
most of the F-106A structure could stand higher temperatures for a limited time with only minor changes to titanium 
in areas subjected to the full stagnation point temperature. However, a more spectacular increase in performance 
occurs because of the increased altitude capability at higher Mach numbers. 


At the present time, a proposal has just been submitted officially to the F-102 WSPO to conduct a fifteen month study 
and test program to determine a definite tactical configuration and a test program on F-106A airplanes. 
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Ес: F-1O6 ШЕ Airplane 


The F-106B airplane is essentially a two-place tandem seating version of the production F-102A. One objective is to 
produce an airplane suitable for training with the student in the front seat and instructor in the rear seat. The other 
objective is to produce an airplane having approximately the same performance and armament as the F-106A so that 
it can also be used as a tactical interceptor with one pilot in the front seat. Both of these objectives have been attained. 


The external configuration of the F-106A is retained with no increase in overall length. Change in contour is confined 
to the canopy and dorsal area. 


The basic F-106A armament arrangement has been retained along with a two-place version of the fire control system. 
Alternate armament capability has been reduced to provide space for equipment between the two forward missiles. 


The following is a brief description of the physical changes required to the F-106A airplanes to produce the F-106B 
while maintaining as much of the existing design as possible. 


1. Add second cockpit immediately behind the present cockpit. 


2. Move fuselage fuel tank aft and reduce capacity. 
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Might Test Program 
# IDG A 


The Flight Test Program charted on the opposite page lists the Air Force serial number of the airplane, the type of 
test by phase description or number, the test agency and its location. In the bar graph are time spans showing the 


known duration of the time that each airplane will remain under the cognizance of the agency conducting the specific 
tests. 


Discussions are presently underway with ARDC and final negotiations may change airplane assignments as noted. 
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Material 


The chart on the opposite page shows the organization structure and direct line of responsibility in the Material 
Management organization from the department head level through to Management. 


The Material organization involved in the F-102 program performs four (4) major functions. These are described in 
the paragraphs that follow: 


MATERIAL CONTROL DEPARTMENT 


The Material Control Department and Engineering Procurement Planning Section are responsible for: Planning and 
Scheduling, what, how much, and when material is required for the F-102 airplane. Material Control is responsible 
for requisitioning purchases of materials, supplies and equipment; maintaining records of purchase, receipt issuance 
and prices of all materials, excluding government furnished parts (GFP); allocating available material; and control- 
ling inventory and maintaining material accountability. 


PURCHASING DEPARTMENT 


The Purchasing Department is responsible for procuring material to support production schedules, Spares, service 


tools, and ground support equipment with suitable quantity and quality at proper cost, for the F-102. At the same 
problems involving Engineering and Sup- 


time emphasis is put on development and experimental action, coordination 
pliers, and taking Shortage Prevention Action. 
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MATERIAL (cont) 


GOVERNMENT FURNISHED PARTS SECTION 


The Government Furnished Parts (GFP) Section reports directly to the Manager of Material and is responsible for 
requisitioning government furnished materials in accordance with design or maintenance requirements and schedule 
information for the F-102. Maintaining necessary liaison and follow-up to insure deliveries: Storing, allocating and 
issuing government furnished parts (GFP); processing rejections and following up on replacements: arranging for 


repair and rework of government furnished parts; preparing usage analysis; and maintaining accountability through 
records and physical inventories. 


TRAFFIC AND MATERIAL STORES DEPARTMENT 


The Traffic and Material Stores Group is responsible for receiving all incoming material; storing and issuing ma- 
terials to production departments; physically inventorying raw material, purchased parts and commercial stores; 
holding inventory losses to a minimum through location record control; stock rotation; 
cedures; planning routings for tracing and converting shipments; checking transport rates; preparing claims and ex- 
port documents; arranging travel accommodations for company personnel; operating and dispatching company -owned 
or rented automotive equipment; preparing, preserving, packaging, boxing and loading outgoing shipments of ma- 

terials, parts, assemblies, spares, etc; loading and unloading all air freight: and processing necessary documents. 


PROCUREMENT POIICY 
Convair's policy regarding selection and award of vendors for the F-102 program is based on the following criteria: 


Vendor's price 

Vendor's capacity to support program 

Vendor's previous experience with item being subcontracted 
Quality of vendor's facilities and product 
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the United States to detect any problem which 
liveries of materials. Other technica] perso 


stances, top level people are assigned to pro 
curement span time and costs. 


might exist in the suppliers' plants which would impede scheduled de- 
nnel are assigned to various plants where the need exists. In other in- 
ject various phases of the F-102 program to insure the very best in pro- 


Su Decontract 


Initial program planning on the F-102 production was covered by the 1952 brochures released to the various USAF and 
government agencies. The planned subcontract workload was a recognized part of the manufacturing approach to this 
program. However, this initial Supply contract awarded on the F-102 embodied a new philosophy of procurement: 


these new requirements involving extensive testing made it impractical, from both cost and schedule performance 
factors, to program the subcontract work parallel with the start of production. 


The decision to establish effectivity and se 


quencing of off-site work was sound. Subsequent events have clearly proven 
this to have been the correct approach. 


With solid premises now established as to the geometry of the airframe and to the tooling and other controls required 


for the production of this type of weapon, as well as the success of new processes and manufacturing techniques, the 
off-site program is being implemented on a scheduled basis. 


It is recognized that the program as it stands today is in a different time-cycle relative to certain policies and to the 


availability of production facilities for use on the program. The pattern, therefore, has been blended to the recent 
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Жол r-mEgsÉEERE‏ 527611 118 4116203 ×× کک 
EFFORT BASIS‏ 


PERCENT OF F-102A AND F-106A TO BE MANUFACTURED OFF-SITE 
——————— ——————————À el en ЛЕ 
OFF-SITE MFG. HOURS VS IN-PLANT MFG. HOURS 

(PER SHIP) 


TOTAL MFG. HOURS - 45,200 TOTAL MEG. HOURS - 159 400 (EST.) 
(INCLUDING F.W. TASK) (INCLUDING F.W. TASK) 


ALL OTHER 
S/C MFG. 
HOURS 


(19,600) 


ALL OTHER 
S/C MFG. 
HOURS 


IN-PLANT MFG. 
HOURS 


IN-PLANT MFG. 
HOURS 


(11,400) 


24 76 


(26,500) 


(87,800) 


F.W. MFG. 
HOURS 


60 % 55% 


(52,000) 


33% 


Е-102А F-106A 


562 SHIPS - AF 33 (600) - 31174 15 SHIPS - AF 33 (600) - 30169 
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MANUFACTURING (cont) 


craft. He is also responsible for final factory operations for this aircraft prior to delivery to the San Diego flight 


facility. In addition, he is responsible for pre-flight operations of each individual aircraft and fly-away to the Palm- 
dale Facility, (AF Plant 42). 


The actual flight acceptance of each aircraft is accomplished at the Palmdale Air Force Plant No. 42. The organiza- 
tion and activity of this phase is explained later in this F-102 Plan. 


The total program for F-102 type aircraft has been based on the manufacturing breakdown as explained under the 


tooling section. Each component production line has been established for the peak production rate and job loaded ac- 
cordingly. 


The Manufacturing Sequence and Flow Chart on the opposite page shows the flow of each component through the maxi- 
mum stations required at peak production. The arrows show the flow of each component into its next assembly through 
factory completion and delivery to Field Operations for flight acceptance, For example, Items 94 and 95 (inlet ducts 

of the nose section) mate with Items 91 and 92 to form the nose section which becomes Item 90. Item 90, in turn, is 
mated to other sections of the fuselage to form the entire fuselage section. This,in turn, flows through a sequence of 


stations for primary installation after which the fuselage section is mated with the wing and processed through Final 
Assembly for operations, clean-up and final inspection. 


To insure maximum effort from each worker in each station in all sections of the manufacturing operation, target 
hours have been established,as well as equivalent airplanes to be produced each week. Typical of this control is the 
breakdown as shown on the next page. The example shows equivalent ships required against allowed hours to produce. 


This. control is used down to the lowest level of shop supervision and is the measuring stick for manhour reduction and 
cost savings. 
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Typical Departmental E: S (P> 
Summary Master Schedule 
= Target Hours 


Department 70 


1955 


July 

20 work days 
152 net hr/ 
man/month 


August 

23 work days 
175 net hr/ 
man/month 


September 
21 work days 
160 net hr/ 
man/month 


the [851] 02 / [В- ©©& plan 


Equivalent ship production of 
Model F-102A required to meet 
master schedule; determined on 
the basis of scheduled flow of 
control components within the 
department. 


Equivalent ship preduction of 
Model ТЕ-102А required to meet 
master schedule; determined on 
the basis of scheduled flow of 
control components within the 
department. 


Total equivalent ship production 
of all models required to meet 
master schedule. 


= 
— —— — 
— p 


Schedule 


4.572 
1.302* 
5.874 


Av /ship 
M/P 


5.430 
1.831* 
7.261 


Av/ship 
M/P 


4.985 
2.162* 
7.147 
Av /ship 
M/P 


Target Hours 


127, 641 
19, 746 
147, 387 


25,091 
970 


139, 798 
26, 550 
166, 348 


22,910 
951 


118, 986 

30, 258 

149, 244 
20, 882 
933 


* Denotes TF's 
Manhours allowed to produce 


scheduled F-102A airplanes 
within target. These targets 
are assigned at the General 
Foreman level and are ulti- 
mately broken down to the 
Foreman & Assistant Foreman 


Manhours allowed to produce 
schedule TF-102A airplanes 
within target. These targets 
are likewise broken down to 

the Assistant Foreman level. 


Total manhours allowed to 
accomplish scheduled task 
within target. 
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Manufacturing Manhour 


Allocation By 
Major Work Area 


Direct manhours are allocated to each Major Manufacturing Area based on past experience on other programs and 
adjusted to reflect present program trends. These hours are further broken down to individual department and cost 
center in order to effectively control cost at the operating level and are used to determine target realization on 
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scheduled standard hour production. Presented below is the current breakdown utilized for budgetary control ex- 


pressed as a percentage of total on-site target hours. 


DEPARTMENT 


Fabrication 
Sub-Assembly 

Electric Bench 
Components 

Wing 

Fuselage 

Primary 

Final Assembly 

Other Production Costs 
San Diego Flyaway 
Field Operations - Mechanical and Electronics 


These percentages, one related to the other, are constantly subject to adjustment due to different experience factors 


within the learning curve. 
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PERCENTAGE OF FACTORY 
DIRECT LABOR HOURS ALLOWED 
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Building 1 


The present layout of Building 1, (AF Plant 19), covers the planned fabrication requirements as of the date of release 


of this study. These areas are now activated for production. 


Studies have been completed which analyze the maximum 


load against machines in each work center. This study indicates the standard hours required at ultimate, translated 


into the units by realization and efficiency curves to be reached at peak production rates. 


In areas where the load 


exceeds capacity, a planned subcontract program has been outlined. 


Machine Shop 


Sheet Metal 


ж 102 [S21 (95 pias 
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The Machine Shop, which occupies one-quarter of Building 1, has capabilities for all types 
of machining. Large Farnham multiple axis spar scarfing, duplicating, profile and contour 
mills, as well as standard horizontal and vertical-type mills, are in operation. 


Turning on turret, engine, Excello and automatic-type lathes, with duplicating equipment, is 
in operation as well as drilling and tapping facilities on radial and turret-type machines. 
Cylindrical, centerless, surface and thread grinding equipment is installed. 


The sheet metal and fabrication sections of Building 1 have Hufford and Sheridan stretch 
press equipment. A large Cyril Bath stretch press, which during its forming operations 
both stretches and wipes, obtains variable contours. The aluminum heat treat, stress 


relieve and aging ovens, together with the necessary steel furnaces, are located within the 
flow of both aluminum and steel parts. 
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BUILDING 1 (cont) 


Inspection 


Tooling 


Sub-Assembly 
and Major 
Assembly 


не 2102 / E-TOC ہم‎ = 


titanium, magnesium and stainless steel parts can be welded as required. This section has 
necessary passivating and processing tanks. 


Also located in Building 1 is the Receiving Inspection Department adjacent to the railroad 
siding. The equipment here includes ultrasonic units and high pressure hydraulic and 
pneumatic test stands. Electronic and X-ray test equipment is installed in this section. 


A section of Building 1 is occupied by Tool Manufacturing. In this area, the plaster, plastic, 
template and form block functions are in operation. Equipment in this area includes plastic 
refrigeration, Dyform (plastic) melting and molding, plaster curing ovens, a photographic 
template reproduction system, routers, saws, radial drills and a pattern mill. 


ЕР ий ПИ ing 2 


Building 2, (AF Plant 19), has been assigned to the sub-assembly and major assembly of 
both the wing and fuselage. This building is being fully activated into fuselage and wing 
sub-assembly and structure. The wing is moved from Building 2,completely pressure 
checked and closed with all systems including the landing gear installed. The fuselage in- 


dependent of the wing goes through its structural build-up, with each of its major components 


going through an installation cycle for wiring, tubing, bracketry and primary structure. It 
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The Main Tool Crib is located on the second mezzanine of Building 2. This function is 
responsible for the control, distribution and maintenance of all perishable and portable tools. 
/N All standard tools, such as bucking bars and rivet sets, are manufactured in this area. 


This function is ideally located for plant-wide service as it is situated at the geographical 
center of the plant. 


TOTAL AREA: 


420, 000 sq. ft. [ — ] CURRENTLY UTILIZED 
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Temporary and 
Permanent Paint 
Facility 


Scheduled flow time. In all layouts, an open end for unforeseeable problems with respect 
to floor area and changes in manufacturing sequence has been left, to be untouched until the 
program reaches its normal cycle at maximum production. 


On a temporary basis a small area in the north end of Building 3 has been allocated to 
paint the airframe to recent government specifications. As the Palmdale facility for pro- 
duction flight acceptance becomes activated, the painting of the airframe will be relocated 


TOTAL AREA: 


487, 400 sq. ft. 
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Industrial Relations, Inspection (both company and USAF), Training, Timekeeping, Tabula- 
tion, Hospital and other functions required to properly service the manufacturing facilities. 


TOTAL AREA: LEGEND: 
75,000 sq. ft. (| CURRENTLY UTILIZED 
BUILDING 4,PLANT 2 | N 
«> = 
Buttdingeg 7 
Processing Building 7, (AF Plant 19), is the processing building. The anodizing, alodining, cadmium 
Building 


plating and chrome plating facilities in this building are established and in operation. No 
additional facilities will be required to reach scheduled maximum production, with the ex- 
ception of alodining. The reason for the additional alodine requirement is due to a change 
in the size of wing skins required by the weight re-design of the airplane, The facilities 
requirements covering these tanks are known and are programmed within the facilities 
requirements against the F-102 program. 
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Building 42 


Building 8, (АЕ Plant 19), houses the foundry and presses for the F-102 program, The 
foundry is ideally located with respect to the drop hammers and the adjacent Gantry crane 


and die yard. The foundry is in full operation and is equipped for lead, Kirksite and alumi- 
num molding. 


This building has a large Sheridan vertical stretch press, a hydraulic triple-action forming 
press, а 1, 000-ton HiDraw high pressure rubber forming press and a number of various 
size drop hammers. Further, the processes related to fabricating and forming of sheet 
metal parts are installed within this building and consist of both salt and air heat treat 
furnaces together with necessary degreasing tanks and stretcher level rolling equipment. 


The second and third floors are equipped to do the necessary trimming and intermediate 
operations required in metal forming and fabrication. 


Necessary refrigeration equipment and portable heating units for proper temperature control 
on magnesium and titanium during fabrication operations are in use. 
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TOTAL AREA: 


۸ 11,000 sq. ft. 


Maintenance 
Building 


TOTAL AREA: 


22,400 sq. ft. 
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LEGEND: 


Г —] CURRENTLY UTILIZED 


BUILDING 24,PLANT 2 ۱ 


Building 27 


Building 27, (AF Plant 19), has been developed into a complete maintenance shop. No 
expansion is required in maintenance shops. 
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] — ] CURRENTLY UTILIZED 


BUILDING 27, PLANT 2 - | 
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Perry Flight Facility 
Sam Diego 


This facility is established to receive aircraft after factory completion and to conduct necessary field operations prior 
to ferry flights to the Palmdale Field Operations and Electronics site. Plans and negotiations for this facility were 
started in December 1954. Ground was broken in February 1956. This facility will be completed and in full operation 
on 1 August 1956 with the exception of Sound Suppression, which is to date a development item. | 


de: 2 on the opposite page shows a block layout of the area. Airplanes in black are actüal work positions for the 
я 10 on navigational equipment installations, green engine runs and operations pre-flight checks, The outlined air- 
Planes shown are the positions available to secure aircraft in case flights to Palmdale are delayed for a short time. 


7 Hangar Building shown, houses aircraft which may require engine changes or any other type of repair at this 
ocation. This building also houses supervisory offices and stock rooms. 


Minimum facilities have been in operation at this site since early 1954 in support of initial production. 
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Factory direct labor personnel, as shown on the opposite page, have been projected out to include the F-102A 


Direct manhours are those factory hours expended on or chargeable to operations such as fabrication, processing, 
production mockup, assembly, reworking, modification and inspection. Machine set-up time for fabrication, where 
performed by the operator of the machine or a Set-up man, is considered as direct. Hours expended in the 


manufacturing area on testing, flight testing (pilot's time), as well as preparation for flight testing, is also con- 
sidered direct. 
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Convair Palmdale Facility 


AF PLANT 42 


The Convair-Palmdale Facility (AF Plant 42) is located on the western edge of the Mojave Desert in the Antelope 
Valley near the cities of Palmdale and Lancaster. This facility is under the direction of a manager who reports to 
the Works Manager of Plant II (AF Plant 19). 


Functionally, the Palmdale Organization is divided into six operating departments, each ап independent entity of the 
facility. There is a Chief assigned the responsibility for the operation of each department who reports either 

directly or functionally to the manager. The only required operation not shown on the Organization Chart is Inspec- 
tion. This department is under the direction of a Chief who reports to the Manager of Quality Control at the San Diego 
Division insofar as inspection procedures, policies, etc. In matters of exercising company policy as it affects In- 
spection Personnel at Palmdale, the Chief of Inspection receives his direction from the Manager of Palmdale, 


FIELD OPERATIONS 


The Field Operations Department is under the direction of a Chief who reports to the Manager of Palmdale. The 


Chief is responsible for all production activities in processing an airplane through its field operations span to 
‚ delivery. 
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DOLLAR BASIS | 


PERCENT OF F-102A AND F-106A TO BE MANUFACTURED OFF-SITE 


OFF-SITE MFG. COSTS VS TOTAL MANUFACTURING COSTS 
(PER SHIP) 


TOTAL MFG. COST - $437,000 TOTAL MFG. COST - $1,634,700 
(INCLUDING F.W. TASK) (INCLUDING F.W. TASK) 


[SUBCONTRACT 


| SUBCONTRACT 
ALL OTHER COST ALL OTHER COST 
MFG. COSTS ($125,000) MEG. COSTS ($192,000) 


($262,000) ($1,085,700) 


COMPUTED 
F.W. COSTS 
($357,000) 


22% 


12%, 
29% | 


60% 66% 


COMPUTED 
F. W. COSTS 


($50,000) 
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F-102A F-106A 


562 SHIPS - АҒ 33(600)-31174 15 SHIPS - AF33(600)-30169 
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F-IOD2Z2A Subcontract Suppliers 


The following list of subcontractors represents the structure presently required to support the F-102A program up to 


and including AF33(600)31174. Only major subcontracted items are listed. 


M 


Description 


Nose Radome 


Titanium Radome Rine 
Windshield 


Pilots Canopy 


Pilot Ejection Seat 
Fin Tip 

Rudder 

Tail Cone 


Forward Box Upper Skin L/R 


Aft Tank Upper Skin L/R 


на [5911022 / FOO pien 


—— 


| 


Vendors 


Zenith Plastics Co. 
Wesmont Mfrs. Corp. 
Goodyear Aircraft 
Rheem Mfg. Company 
Goodyear Aireraft 
Rheem Mfg. Company 
Weber Aireraft 
Goodyear Aircraft 
Narmoo, Inc. 

Rheem Mfg. Company 
Harbills Engineering 
Robert H. Brooks Co. 
Morrison Engineering 
Tapered Air Products 
Hydro-Swarf Company 


Aluminum Tapered Milling 
Harbills Engineering. 
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Policy regarding transfer of F-102A items on ай contracts to Convair Fort Worth Division is with the approval of the 


Air Force. 
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Description 


Spar No. 3 Attach Fitting L/R 
Spar No. 2 Attach Fitting L/R 


Missile Beam Cap L/R 


Nose Landing Gear 

Pilots Floor 

Canted Bulkhead 

Dorsal Fairing 

Vertical Fin Leading Edge 
Vertical Fin 

Fuselage Aft Barrels L/R 
Fuselage Aft Barrel Panels L/R 
Fuselage Panels L/R 
Inboard Elevon L/R 
Outboard Elevon L/R 
Wing Leading Edge L/R 
Sheer Shelf 

Shelf 

Rocket Doors (8) 


Radar Compartment & Doors L/R 


Vendors 


H & B American Machine 
Blades Mfg. Company 

H & B American Machine 
Blades Mfg. Company 
Utility Metal Products 

G. W. Bandy Company 
Spar Fab, Inc. 

Menasco Mfg. Company 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 


Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
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Description 


Forward Tank Lower Skin L/R 
Wing Spar No. 2 L/R 

Wing Spar No. 3 L/R 

Wing Spar No. 4 L/R 

Forward Tank Upper Skin L/R 
Nose Landing Gear 

Radar Compartment & Doors L/R 
Dorsal Fairing 

Vertical Fin Leading Edge 
Rudder 

Vertical Fin 

Dive Brake Doors L/R 

Tail Cone 

Aft. Fuselage Panels L/R 
Fuselage Aft Barrels L/R 
Fuselage Aft Barrels Panels L/R 
Wing Fences L/R 

Inboard Elevon L/R 

Outboard Elevon L/R 

Wing Leading Edge L/R 
Missile Bay Doors (4) 


Vendors 


Tapered Air Products 


Pasadena Air Products 


Air Age Engineering 
Coast Spar Milling 
Harbills Engineering 


Menasco Mfg. Company 


Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
Convair - Fort Worth 
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Transfer of items for the first seventeen airplanes to Convair Fort Worth Division has been approved by the Air Force. 
This approval was given with the understanding that further transfer of items would only be on the basis of competitive 
bidding. Items for follow-on will only be transferred with prior approval from the Air Force. Convair-San Diego is 
developing a. plan for selecting alternate sources for these items. 
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Convair from furnishing sufficient material for the machine subcontractors to utilize normal production techniques 
and efficiently machine-load their work in process. Every effort was made on each forging to supply the precision 
forgings to the machine vendors as expediently as possible. The supply of parts is now in sufficient quantity, so that 
proper machining and shop-loading can be placed into effect. In addition, no production tooling was provided for 
either the billet stock or blocker-type forgings during the initial phases as these tools would have become obsolete 
upon receipt of the precision forgings. 


EXPLANATION OF: 


Billets are rectangular or square stock reduced to desired shape by hot forging. 


Blocker-type forgings are rough, impressed forgings that require hog-out 
machining to produce the finished shape. 


Blacksmith forgings are ingots hammered to desired shape using flat dies. 
Contour forgings are those which are formed to a contour design or shape. 


Precision forgings are ingots hammered or pressed into finished shape using 
precision dies requiring little machining. 
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F-106 - With the exception of the 11 common precision die forgings presently used on the F-106A, contour forgings 
and blocker-type forgings will be used on the 17 F-106A airplanes on Contract AF33(600)30169. This is due to ex- 
tended procurement lead time necessary for obtaining precision die forgings, as opposed to the compressed delivery 
schedule for the initial F-106A airplanes. The blocker-type forgings now available for use on ihe F-106A are much 
superior to the billet stock originally used on the F-102A. This is due mainly to the improved forgings resulting 
from the Heavy-Press program. Convair is now able to get superior blocker-type forgings in a short time for new 
programs. These blocker forgings result in a machine-hour saving as compared to billet or blacksmith forgings. 
Precision die forgings can be obtained to support F-106A follow-on Contracts, and further will take advantage of the 
"no-draft" techniques being developed in the Heavy-Press program. 


F-106B - The Major Fitting Status of the F-102B cannot be determined until after the engineering release information 
is available. Itis assumed, however, that from experiences gained in major fitting procurement for previous 
versions of the F-102 airplane, little difficulty will be encountered. 
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Tooling 


The Tooling Department organization shown on the opposite page applies only to F-102 tooling program. The Chief 
Tool Engineer reports directly to the Works Manager of Convair Plant II (Air Force Plant 19). Within the Tooling 
Department are three sections: Tool Project Engineering, Tool Planning and Design, and Tool Manufacturing. The 
responsibilities of these sections are stated in the paragraphs that follow: 


TOOL PROJECT SECTION 


The Tool Project Section responsibilities are to prepare tooling estimates, schedules, and man-power requirements 
for tooling activities; to establish the tooling data required for the Manufacturing Plan, including such items as tooling 
policy, production breakdowns, manufacturing sequences and flow charts for factory operations; to conduct the Plant 
II manufacturing development and research activities; and to provide liaison as may be required to all departments on 
questions relating to tooling, manufacturing research and development, and subcontractors tooling activities. 


TOOL PLANNING AND DESIGN 


The Tool Planning and Design responsibilities are to assist in establishing the tooling data required for the Manufac- 
turing Plan, including production breakdowns, manufacturing sequences, flow charts, and to coordinate and maintain 
such tooling data for factory operations at Plant II; to prepare and issue tool orders and necessary operational paper 
in accordance with tooling project policy; to prepare and issue Installation Operation Inspection Logs and provide 
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TOOLING (cont) 


liaison service therefor, and to coordinate and issue spares planning and subcontract authorizations; to design tools 
necessary for the performance of the planned operations; to establish, coordinate, and maintain tool accountability, 


and to carry out all tool control functions related to tooling operations at Plant II. 


TOOL MANUFACTURING 


Tool Manufacturing responsibilitites are to manufacture and maintain all tools required at Plant II for production of 
the F-102 aircraft on schedule; to manufacture off-site tooling as may be required on the F-102 program; to provide 


and develop a skilled working force for the tool manufacturing operation; to maintain the necessary plaster pattern, 
template, and photo reproduction organizations for the proper development of tool manufacturing; to provide other 
departments at Plant II with photo laboratory services within the capabilities of the Tooling Department; to salvage, 
store, and dispose of tooling material for tooling purposes; and to operate perishable tool cribs, and maintain 
perishable and portable tools. 


Tooling Summary 


On the F-102A program, the contract requirements were for the fabrication and maintenance of tools. of a type and 


quality capable of producing 63 airplanes per month, this production rate being the total for all F-102 and ТЕ-102 сош- 


mon parts. The balance of the tools which are peculiar to the TF-102 airplane, were produced of a type and quality 
to meet the maximum schedule requirements of 15 aircraft per month. 
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tools will be of а minimum classification until such time as а peak rate of production has been established on this 
program. 


۱۶۶ из ЕВЕ ЖЕ < 
= Tooling Developments 


Some of the outstanding developments made by the Manufacturing Research and Development Group which will help 
implement the F-102 program are as follows: 


1, Dynamic Etching: Controlled chemical removal of metal is now a reality and is being used for 
economic production of difficult shaped parts on both the F-102A and F-106A programs. 


2. Cutter Development: The development and extensive use of cutters with "throw-away" carbide 
inserts is effecting savings both through improved machining efficiency and elimination of 
cutter grinding. 


3. Titanium Formability: Developments in forming techniques have to a large degree eliminated 
hand forming and stress relieving of titanium parts. 


The F-102 Tooling Planning Section has found it necessary to establish a new type of expedited planning on the F-102 
program. This was brought about by the fact that the shortest time span possible must be attained on à development- 
type program which encompasses a large number of airplanes in flight-test prior to production acceleration. This 
new type planning is known as "on-board" and is started at the Design level in Engineering. This permits "оп-Ьоага" 
planners to remain current with Engineering during its processing and to be ready to issue planning and tool orders 
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Manufacturing Breakdown 


The following illustrations indicate the manufacturing breakdown as developed by the Tool Project Section through 
coordination with Manufacturing requirements, Industrial Engineering scheduling, and Manufacturing Control. Each 
illustration shows a method of manufacture. It has been the design criteria in the F-102 program to have the smallest 
economical breakdown possible so that at any time the acceleration of the program schedule can be attained with a 
minimum of effort. Furthermore, this type of breakdown permits more even manpower distribution, thus reducing 
the overall cost through improved factory efficiency. 


With the exception of the forward fuselage section (station No. 0 to No. 317) the manufacturing breakdown of the 
TF-102A and the F-106B is similar to that of the F-102A and F-102B respectively. For this reason the manufacturing 
breakdown of the trainer versions are not shown in this issue of the manufacturing plan. 
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Breakdown 


FIELD OPERATIONS: 
2. ELECTRONICS, | 
3. ELECTRONICS BENCH TEST. 


13- 14. AFT BBL. AFT PANELS, LH'& RH, 
15-16, AFT:ÐBBL, FWD. PNLS., LH & RH. 
17-18. AFT BBL. MID PNIS., LH ВН, 
зо, FINAL ASSEMBLY: 

31, ENGINE BUILD UP: 

32, TAIL CONE, 

35. RADAR COMPARTMENT. 

36-37. CANTED FRAMES-PNLS., RH & LH. 
42-43. INBOARD ELEVONS, RH & LH. 
44-45. ‘WING TRAILING EDGES; RH.k LH. 
50-51, WING PRIMARIES, АНЕ LH: 

52 - 53. OUTBOARD ELEVONS, RH k СН, 
54-55. WING- TIPS, RH E. LH. 

56 - 57. WING.LEADING.EDGES, RH K Li. 
$8 - 59. M.L.G. ASSEMBLIES, RH. & LH: 
60: 61.  WING.STRUCTURES, RH & LH. 
62-63. AFT TANK ASSEMBLIES, RH & LH. 
64 - 65. FWD. TANK.ASSEMBLIES, RH k LH. 
66. ‘VERTICAL FIN. ۱ 


67. ‘RUDDER 

68. VERT, FIN. L, E; 

89. VERY. ЕМ ТІР. 

70. FUSELACE. PRIMARY, 
71. -PILOT'S CANOPY. 


72-73. UPR MISSILE DOORS, RH & LH, 
14-15, LWR, MISSILE DOORS, RH & LH, 


"80. FUSELAGE STRUCTURE. 

8۱۰ FUSELAGE MID SECTION. 

a2. ‘FUSELAGE AFT SECTION, 

83. FUSELAGE.AFT. BARREL SECT, 
85. FUSE LAGE FUEL TANK. 

87 - 88.  MID'SECIION PANELS, LH & RH. 
95. FUSELAGE FWD.: SECTION. 

91 - 92. PILOT'S COMPT. PNLS., LH-& RH. 
93. ELEC. COMPT. CANOE SECT. 
94-95. DUCT INLETS, RH & LH, 

96. NOSE L.G, ASSY. 


RADOME ASSY. 


(1) ITEM № 


| 


he [991022 [1 (65 мал 


Jem] (ыз! Бай шып (Шш تھے‎ 


66 


\ 


—} 


"9 (0) Ц =в] GOl" = 


۰۸۲00 Tr 14614 0891) UEG-ATTBAUOD 16 suonexedo 301100} тор әле 118170۵ 303 по 8 зудошолтпђод ләмойчеш 991, 


"децо eq ut рерщошр Jou pue SULT} 8141 те отавртеле jou әле в пәшәлітрәл 1۵۸00101 3011001, 9901-1 941, 


‘4509 Jo Wo} әуеледәв в зе рта әле рав 0۴ лепоплей эц) јо uoronpoud əy} чим ротуцавр! 

Аэзтицер әле влпоцивш SSL 'вәт}цтову 9081 0 [812э4$ pue зојејашој рае 51003. JO 59193489 ‘songz “581 
єв SWAP цопв Jo 90110081۲71610 риє 1190110081۲ ۵8 aq} 03 этаеэ8хецо ло uo рэрцэдхэ эле цоүцм ۷۷ 8чыплптәвтиеш 
1001 95091 moys ‘oged owes oq) uo penord osje чюцозв 2111۳0101۲1۳0181 1001, eu Jo speeu томодчъй 199310 SUL 


Човдуноо BY} ut 1800 jo W931 1828089 в SE рта эле pue ۴ лејтпоцлеа эц) Jo чоц 


-onpoJd engot ۵11 UIA Кпоәттр 09111111801 әле запоциеш qons 'Suuinjoemugzui [001 jo 14044085 ut uoste 1004 то *udisop 


1003 ۶8011883000 шәйға поцопрола тетјов 924 04 зтаводлецо ло по papuedxe әле цотцм злпоциеш 94 5 оллпо 291, 
۰ 90ج‎ ej1soddo oy} uo sujuour Ка рэ33014 әле 0017086 181890 pue Suruue[q 2801106 от jo 7 темодией 1397 10 941 


SFU دب وم‎ BR ER bow 


„ила а? па ۸ 


cz £u co 


iacu 


zc. 


Г 773 TM. 


~ = 


pream 


g 


Looting Direct Ш < ipar 
Е FIRM & PLANNED 


| ЕМАМ УТА [м] ۶ | | 
I | 
ЕТТ 
LMU 
“ШИШИ 

LULL 

1 41:41 
| ۳ ۶۶ ھ70 


6 


EMPLOYEES 


THOUSANDS 


9 


hull سج‎ 


ы ГЕКІ = ۶ aH 
eee r— — 


Бә ڪچ‎ шы 


[6 
= uod QOlles] / Цев] eu 


JO. UO,” 
У BUTI ивргәагруиван TE A 


—— 


ج 


98 


Manufacturing Control 


The Organization Chart for the Manufacturing Control Department applies to the F-102 program only. It is under the 
direction of the Chief of Manufacturing Control who reports to the Works Manager of Plant II (AF Plant 19). The 
Manufacturing Control Department is organized into four sections as follows: 


FABRICATION IN 


PROCESS CONTROL 


This section is under the direction of a General Foreman who is responsible for placing all orders for parts in the 
Fabrication Shops in the proper sequence; controlling their flow through the various shops to assure that parts are 
made on schedule; and to expedite parts when necessary so that shortage conditions may be alleviated as quickly as 


possible. Storage and accountability of production tools is 


also handled by this group. 


FUSELAGE, WING, TRANSPORTATION, AND RIVET CONTROL 


This section is under the direction of a General Foreman. 
disbursement of all parts required to manufacture these co 
that parts can be replenished before a shortage occurs; the 


He is responsible for the receipt, stocking, storage, and 
mponents; maintaining close surveillance of all stock so 
transportation of all parts and material within Plant II; 


the supply and control of all rivets and miscellaneous standard parts used throughout Plant II. 
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MANUFACTURING CONTROL (cont) 
| F-102 PRIMARY AND FINAL ASSEMBLY 


А . This section is under the ‘direction of a General Foreman who is responsible for the receipt, stocking and control of 
all parts required to support the production schedules. This section is also responsible for the follow-up and procure- 
ment of all parts required for Field Operations at San Diego and Palmdale and for all other off-site bases or opera- 


— 


tions; all parts required for mockup and engine buildu ; all spares requirements оп the F-102 program that are » 
manufactured in San Diego or subcontracted for San Diego use; and the follow-up and coordination with Fort Worth on n 
all parts required for the TF-102 program. d 


ORDERING AND SCHEDULING 


This section is under the direction of a General Supervisor. He is responsible for major component schedules, bill 
of material requirements, tabulating, shop loading, blueprint control, and other related operations necessary to the 
prime requisite of ordering parts to a predetermined Schedule; the status reports relative to Schedule position; the 


scheduling and coordination of all subcontracted parts and 
components. | | 


Тће ordering of production parts is to a Lot Size and Block Change system, examples of which are shown on the 
‘following pages. This system of ordering is norma] throughout the industry; however, it varies according to the 
. Production rates of any опе particular program. 


The responsibility of establishing Status Reports and Controls lies with the Ordering and Scheduling Section. The 


paper and status reports used on 
the F-102 program. . ` | 
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Hx СЭ? Lime Status Feport 


The F-102 Line Status Report, as shown on the previous page, is used throughout the Division to depict scheduling of 


each major component and actual production delivery. Items referred to on this report are the same items as shown 


on the Manufacturing Sequence and Flow Chart under the Manufacturing Section of this Plan. 


Marts Control Freeport 


| = ада 22. Report, as shown on the opposite page, is established against each major component to the 
2 iring day. This report indicates the total number of parts required, total number of parts completed and an 
хріапайоп of those parts not completed and reasons for the incomplete status. 
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Sop Load Chart 


The Shop Load Chart, as shown on the Opposite page, is typical of those used throughout the Fabrication Area of 
Plant П (AF Plant 19). The chart, in itself, is self explanatory through use of footnotes. This is the method used 
by Manufacturing Control in determining from forecasts where the overload section in the programming is and per- 


the Convair Division at San Diego 
or off-site. 
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۸8۰ ПЕР Lot Size Schedule 


Lot sizes are established by Manufacturing Control in collaboration with the Tooling , Material Control and 


Industria] Engineering Departments. The lots, as shown, are established after due consideration has been given to: 


1. Production rate and acceleration 

. Fabrication cycle time 

- Type of tooling 

Stocking problems 

. Machine set-up time versus run time 
. Material types and availability 


C» C» 4 C2 ~ 


EXAMPLE: * Lot No. 10 starts indenture No. 4 detail parts in March 1956 and 


completes all indentures in October. This supports a total of 72 
production airplanes. 


Where the manufacture of a partis complex, the lot may be split into two or more parts. Conversely, where the 


manufacture of a part uses little material and the machine operations are simple, two or more lots may be ordered 
simultaneously. 


DEFINITION: * Indenture is lead time in advance of installation point of the 


next assembly. 
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FIO? Biock Change 


The Block Change System is designed to control changes in such a manner as to permit the manufacture of a specific 
number of airplanes to an identical configuration. In the early part of a program, Block Changes and Lot Releases 
are maintained at a minimum number of airplanes to facilitate early incorporation of changes resulting from the 
Flight and Static Test programs. As the test program progresses and the engineering becomes finalized, the number 


of airplanes per Block is increased and becomes identical to the Lot Size to facilitate the economical ordering of 
detail fabrication. 


It is not intended that the Block Control System shall interfere with immediate incorporation of changes wherein the 
safety of the airplane or personnel is involved. 


EXAMPLE: Block No. 40 and Lot No. 7 start in August 1955. This would be the cut-off 


date for changes to be incorporated in the 30 airplanes which deliver in 
September and October 1956. 
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The Manufacturing Section of ће F-102 program, as shown on the Organizational Chart on the opposite page, shows 
the direct line of authority from the Superintendent level to the Manager. The Manufacturing Section is organized 
into three specific functions, namely: Fabrication, Major Assembly and Final Assembly. 


FABRICATION 


The Fabrication Section is housed in Building No. 1, No. 7 and No. 8, Plant II (AF Plant 19). It is under the direction 
of a. superintendent who has the responsibility for fabricating detail parts and small bench sub-assemblies. 


MAJOR ASSEMBLY 


The Major Assembly Section of the F-102 program is located in Building No. 2, Plant II (AF Plant 19). itis under 
the direction of a superintendent who is responsible for the completion of large sub-assemblies and major assembly 


components. In this building a major portion of primary installations are installed into each individual component 
as it is processed through the production lines. 


FINAL ASSEMBLY 


The Final Assembly Section is located in Building No. 3, Plant II (AF Plant 19). It is under the direction of a superin- 
tendent who is responsible for final primary installations and the mating of the wing and fuselage into a complete air- 
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۸ PRODUCTION FLIGHT 


CONVAIR - PALMDALE FACILITY (cont). 


The Production Flight Department is under 
The Chief Pilot is responsible for conducti 
demonstrations, provide transitional train 


the direction of a Chief Pilot who reports to the Manager of Palmdale. 
ng all qualitative flight testing of F-102 production aircraft, conduct flight 
ing and direct all flight activity on target and chase airplanes assigned. 


OPERATIONAL SERVICES 


The Operational Services Department is under the direction of a Chief who reports to the Manager of Palmdale. The 


Chief is responsible for the support department activities of Material, Manufacturing Control, Production Planning, 
Plant Engineering and Manufacturing Planning and Methods. 


INDUSTRIAL RELATIONS 


The Industrial Relations Department is under the direction of a Chief who reports functionally to the Manager of 
Palmdale. The Chief is responsible for recruiting of new employees, maintenance of all employee records, observa- 
tion of Federal and State Labor Laws, administration of wage rates and job classifications, provisions for medical 
care of all personnel, administration of recreational and athletic programs; provide counsel for problems relating 

to housing, insurance, military service, transportation, supervision of cafeteria and vending machines, supervision 
of security activity as required to meet government requirements and National Security Regulations. 
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Convair Palmdale Present Site 


jacent administration buildings. Due to 
‚ it became necessary in August 1955 for the Contractor to 
The Convair lease on this facility will expire in 


ons will be moved to the first completed building at the Convair 
permanent site. 


Contractor to erect two temporary quonset type hangars and secondary support buildings. This facility was activated 
in May 1956, and will Support production until July 1956, at which time additional work positions will be installed at 
both the Palmdale Volitan Hangar and emergency site. All areas, as outlined ab 


ove, are widely separated, and have 
minimum facility Support and are very uneconomical and inefficient to operate. | 
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Convair Palmdale Ultimate Site 


The layout on the opposite page is the Convair-Palmdale permanent site which has been in the planning, negotiation 
and construction stages since 1953. 


Bldg. No. 301 is nearing completion and is to be occupied for F-102 electronics installations 
in August 1956, 


in October 1956, at which time the painting of F-102 aircraft will be phased out of San Diego Y 


. and accomplished in this building. 


Bldg. No. 301A is to house additional electronics aircraft to meet schedule increases. This 
facility is scheduled for completion in May 1957. 


Bldg. No. 301B is to be completed concurrently with the above and is to house administrative 
functions, electronics, bench test and cafeteria. 


Bldg. No. 307 (Production Flight Building) is now scheduled for completion in June 1957, and 
will house all remaining activities from the temporary site as described on the previous page. 
In addition, flight release and support aircraft area, located to the West of Bldg. No. 301, is 
a new request and is to be formally submitted to USAF in June 1956. 


It is the Contractor's intent, if at all possible, to better the above stated construction completion dates and to de- 
activate all temporary facilities as expeditiously as possible. 


| 


the БОГО РУ OG plan 


fo s= Бшш Es Шым ша‏ سے 


а са БА E= Был Е БӘӘ‏ تی 


Convair Field Operatiom 


LX ———— Y )سس )سس‎ m Жо ми Rx e Хо eem кк 9003 


=> 7ء ]مہ‎ F106 „ "m 


PALMDALE 


MAINTEHANGE TERIAL 
SECTION ЗеСТ! 
воре. зоа 
— CS а ——— са — € €——í 4 mn 2 Dmm E = m лии ст сі == од А: ~ 


۲۲۲ ۲۷ :۲۲ ۲۷۲ ҮҮТ ۲۲۲ ТҮҮ 777 1 


٦ 


=> Foleet rormics 


YYY Yf 


ES. Lo 


ا سس m‏ 


Е K اس‎ [Бы и. 


جچدے چ × جے × گ :<< 3 <سے دود و Š Е‏ هرد ШЕ OF‏ ۸ 


15 


2 


—— 


== 


Post Flight Clean-up 


Mechanical Night 
Squawks 


Complete inside work 


related to mechanical 
flight. 


Install MG System 
MG Operations 


Armament System 
check. 


AFCS & AILS Check-out. 


Data Link 


Stations 
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NOTES 


Airframe Square 
footage does not 
include clectronics 
bench test. office 
space, ete. 


Area required inside 
& outside do not 
have a contingency 
factory for "dogs". 
This does not affect 
the housed area. 


Certain operations. 
Such as paint, flight, 
mechanical work & 
installations will 

be worked опа two 
(2) shift basis. Flow 
time & space are 
controlled by flight 
and daylight test 
requirements normal 
to production flight 
acceptance. 


Chart shows. net 
scheduled space - 
added work positions 
allow in floor area. 
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PALMDALE - (OUTSIDE) 


| TF-102A 


1956 1957 
Stations JUN JUL AUG SEP OCT NOV DEC | JAN FEB MAR АРВ MAY JUN NOTES 
1. Area required inside 
23 & outside do not 
22 have a contingency 
21 х х х factor for "boss." 
20 x х х х This does not affect 
19 x x x x x the housed area. 
Mechanical 18 x x x x x 
flight 17 x x x x x x 2. Chart shows. net 
operations 16 х х x x x x scheduled space- 
15 x x x x x x added work positions. 
14 x X x х х x x allowed in floor 
13 x x x x x x x х х area, 
12 x x x x X x x x x x 
11 x x x x x x x x x x 3. Utilities outside 
10 х x x x х х х х х х х held to minimum 
9 X x x x x х х х х х х required at 63/mo. 
8 x x x x x x х х х х х х pool space will be 
7 x x x x x x x x x x x x used in lieu of 
6 x x x х х х х х х x x x stations. 
5 x x x x x x x x x x x x 
4 x x x x х x x x x x x x 
3 x x x x x x x х х x x x 
2 х х х x x x x x x x x x 
1 х х х х х х х x X x x x 
41 x x 
40 х х х 
39 x х х 
38 х х x 
37 x x x 
36 x x x. 
Electronies 35 x x x 
flight 34 x x x 
operations - 33 x x x 
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Quality Control 


The Organization Chart on the opposite page shows the structure and direct line of authority for the F-102 Quality 
Control Section from the Section Head level to the Manager. Shown in the Organization Chart are those sections 
concerned only with the F-102 airplane program. It does not include the total Quality Control activity at the San Diego 
Division. 


The basic sections shown are Quality Control Methods and Records, Process Control, Inspection - Air Force Plant 
19, Inspection - Edwards Air Force Base, Inspection - Holloman Air Force Base and Inspection - Palmdale Flight 
Facility. 


The controls established by the Quality Control Department fulfill the requirements of Specification MIL-Q-5923B 
General Quality Control requirements. All groups related to the F-102 program administer these controls in 
compliance with the foregoing specifications. 


The Quality Control Methods and Records Section is under the direction of an Administrator who reports directly to 
the Manager of Quality Control and is responsible for material review, rejection control, repetitive discrepancy 
follow-up, statistical Quality Control methods, sampling plans, facility requirements, preparation of policy instruc- 
tions, budgeting control, control of engineering changes, historical records, delivery paper of all aircraft and 
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QUALITY CONTROL (cont) 


coordination of unsatisfactory reports (UR's) on quality items to the Air Force. This Section is the nerve center of 
all activity of the Quality Control Department. It is the tool by which the Manager of Quality Control operates and 

he is responsible to evaluate and establish manufacturing processes and operational procedures. This group is 
comprised of technical specialists and engineering assistants with backgrounds of metallurgy, chemistry, electronics 
and electrical fields. These specialists develop, through research, new methods and processes for improving the 
manufacture of the F-102, operational procedures for the functional checkout of the aircraft and manufacturing pro- 
cess specifications. A new addition to the responsibility of this group is a Chemical and Physical Test Laboratory. 
Control of this laboratory is contributing to faster evaluation of physical and chemical tests which, in turn, reduces 
the processing time of material into the plant. 


The Inspection Section of Air Force Plant 19 is under a Chief of Inspection who reports to the Manager of Quality 
Control and is responsible for: 


Receiving and Outside Procurement Inspection. 
Fabrication and Tooling Inspection. 

Major and Final Assembly Inspection. 

Field Operations Inspection. 


M Co м ә 


Inspection at Edwards Air Force Base, Holloman Air Force Base and Palmdale (AF Plant 42): Each off-site base of 
the F-102 program is under the direction of the Manager of Quality Control who has a designated department head in 
each area. They are responsible for compliance with MIL-Q-5923B in these areas and for all inspection activity at 
these bases. 
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Three - Dimensional Layouts 


A new approach in studying and developing plant layouts and line sequence operations is through the use of three- 
dimensional layouts. Scaled models of factory equipment, aircraft components, factory completed aircraft, tools 
fixtures and special project facilities are placed in a scaled replica of the building in which they are used and 
arranged as desired. This procedure has many advantages over the flat drawing board type layout. Several of these 
are as follows: 


(1) Provides a true prospective of facilities to physical building structures. 

(2) Expedites rearrangement studies necessary to support proposed changes in component 
configurations, etc. 

(3) Provides a means of layout considerations to "vertical progression" of sequential 
operations. 

(4) It eliminates some of the human error in the judgment of space relationships of 
physical components that is common to the drawing board type layouts. 

3) It gives the picture of the entire plant arrangement at a glance. 


Y 


On the opposite page is 3 photographed, typical three-dimensional layout. 
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5554 SOME OF THE MAJOR FEATURES ARE LISTED ФМ THIS CHART. THER 
15 ONE PARTICULAR ADVANTAGE TN BUYING A PROVEN AERODYNAMIC 
CONFIGURATION; IT WILL COST LESS IN BOTH TIME AND MONEY 
| | WHERE TIME 15 PERHAPS MORE VALUABLE THAN MONEY, THE USE* 
дай FULNESS OF THE OTHER FEATURES SUCH AS INTERNAL STORES AND 


TWO CREW MEMBERS IS BEST EXPRESSED BY MEANS OF THE MISSION 
“~ | PROFILE CHARTS, 
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EO Form 254 12 June 60 MODEL 8 ATTACK FIGHTER 
Аш ДА Dr Date ےس‎ 
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Reclassified Буз Dept. Datg INTRODUCTION 


ADMIRAL RUSSELL AND ۶ 
THIS 1S A HIGHLY RESPECTED PRIVILEGE TO HAVE YOUR T IME 
AND ATTENTION FOR THIS PRESENTATION OF CONVAIR'S MODEL 8 | 
SUPERSONIC CARRIER BASED ATTACK FIGHTER. IT 15 THAT RARE 
OPPORTUNITY WHERE OUR ENGINEERS CAN GET A TRULY CRITICAL 
REVIEW OF MANY MONTHS OF EFFORT. IN RETURN WE TRUST THAT 
YOU WILL PROFIT BY THIS OCCASION WHEN YOU LEARN OF OUR 
CONFIDENCE IN OUR ARILITY TO SOLVE SOME OF THE DIFFICULT 
ENGINEERING PROBLEMS INVOLVED. WE WILL PROFIT BY LEARNING 
YOUR IMPRESSIONS OF THIS INFORMAL ENGINEERING DESIGN 
PROPOSAL. 
THE PRESENTATION OF THE HIGHLIGHTS OF THE MODEL 8 ATTACK 
FIGHTER PROPOSAL IS PLANNED FOR A 45 MINUTE PERIOD, IT 
15 MADE UP IN THREE PARTS: | 
FIRST © WE HAVE A MOVIE OF THE УЕ-102А THAT LASTS 
ABOUT TEN MINUTES. 
SECOND- MR. FRANK HAAS, THE HEAD OF CONVAIR'S PRELIM® 
INARY DESIGN GROUP WILL PRESENT A SUMMARY OF | 
THE MAJOR DESIGN FEATURES OF THE MODEL 8 , | 
НЕ WILL DISCUSS THE PROBLEMS INVOLVED AND HOW 
CONVAIR PROPOSES TO SOLVE THEM, THIS PART | | 


WILL REQUIRE ABOUT TWENTY- FIVE MINUTES, YOu Ро wer’; 


| TES SUE 40 2} PLET УУ ANGE | 
WEED 236 CARE 44:18:38 24 22 Ж Yo in (З. ЕТЕ РЕ RM | 


THE A/D OTH 
THIRD = PART OF THE PRESENT/ TION WILL REQUIRE ABOUT 


| 


TEN MINUTES. MR. KITTEL FROM OUR ELECTRONICS 
GROUP WILL OUTLINE THE PLAN FOR A # 3 PHASE 
DEVELOPMENT PROGRAM FOR THE NAVIGATION AND | 


FIRE CONTROL SYSTEMS. 


UNCLASSIFIED ۳۳۳ 5 
WHILE THE MOVIE IS BEING THREADED IN THE PROJECTOR | | 
WOULD LIKE TO POINT OUT THAT: | 

(1) THE DATA GIVEN IN THE MOVIE HAS BEEN VERIFIED IN 
SEVERAL WAYS AND ACTUALLY EXCEEDED IN MANY CASES. 


(2) A 'TRAILER' HAS BEEN ATTACHED TO THE ORIGINAL 
YF-102A MOVIE IN ORDER TO GIVE YOU А ۱۸۱ 
VIEW OF HOW THE INTERNALLY CARRIED AIR-TO-AIR 
"FALCON" MISSILES ARE LAUNCHED, IN ANOTHER 
RECENT TEST (NOT PHOTOGRAPHED) A RIPPLE FIRING 
OF 3 FALCONS WAS SUCCESSFULLY ACCOMPLISHED AT 
AN ALTITUDE OF &X 45,000 FEET. WE ARE RATHER 
PROUD OF THESE VERY EARLY AND ENTIRELY SUCCESS- 
FUL LAUNCHINGS, 


(3) THE TERM "HOT ROD" USED IN THE MOVIE IS A LOCAL 
CONVAIR PHRASE ۷۶۵۲ 1$ SOMEWHAT DESCRIPTIVE ОР 
WHAT YOU ARE ABOUT TO SEE. AT LEAST WITH THE 
AFTERBURNER "ON" THE YF-102A IS CERTAINLY 'HOT' 
ON ONE END. AND, OF COURSE, WE THINK THE 
POTENTIAL OF THE MODEL 8 18 "HOT",TOO. 


UNCLASSIFIED море! в attack F E маже) 


VERBAL EXPLANATION OF PRESENTATION CHARTS 


(THE PRESENTATION CHARTS ARE TO BE ARRANGED IN THE NUMER= 
ICAL ORDER: 1, 2, 17, 14, 15, 3, 4, 5, 6, 7, 8, 9, 10, 16, 
It, 12, AND 13), 
CHART NO. 1: (TITLE PAGE AND MAY RE LEFT IN VIEW DURING 

` THE INTRODUCTION), 


CHART NO. 2% 

GENTLEMEN: 

"THIS 15 ANOTHER VIEW OF THE AIRPLANE YOU HAVE BUST SEEN 
IN THE MOVIE, YOU WILL RECALL AS STATED IN THE MOVIE-- 
THE FUSELAGE OF THE YF-102A 1S ABOUT 6 FEET LONGER THAN 
THE ORIGINAL Е-102. ІМ ADDITION TO OBTAINING A BETTER 
FINENESS RATIO AND HIGHER PERFORMANCE WE WERE ABLE TO 

INSTALL THE SECOND CREWMAN WITH ДЭВ PENALTY IN DRAG 

AND WEIGHT. 

THE ORIGINAL OPERATION REQUIREMENT FOR THE F-102 SERIES 

CALLED FOR FLIGHT SPEEDS UP TO MACH 2.0 WITH THE J-67 
(OR J-75) SIXE POWER PLANT. THE AIRPLANE YOU SAW IN THE 

MOVIE AND ALL OTHER CURRENT FLIGHT ARTICLES ARE EQUIPPED 
WITH THE J-57 POWER PLANT. THE USE OF THE 57عل‎ AS AN 
INTERIM ENGINE HAS BEEN A NECESSARY AND PROFITABLE 
EXPEDIENT. AFTER REWORKING SOME OF OUR ENGINEERING 

AROUND THE J-57 WE WERE ABLE TO OBTAIN ATTRACTIVE PERFORM- 

АМЕК&-АМСЕ. THE F-102A VERSION WITH THE J-57 POWER PLANT 
IS THE ONE WHICH WILL BE IN QUANT ITY PRODUCTION, IT WILL 

BE FOLLOWED BY THE F-102B ИНТСН 15 THE J-67 POWERED VERSION 
BEING NEGOTIATED wITH THE AIR FORCE AT THE PRESENT TIME. 


WITH PROTOTYPES ALREADY FLYING, THE PROBLEM OF LAYING OUT 


UNCLASSIFIED 
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THE CARRIER BASED VERSION SETTLED DOWN TO ONE OF OBTAINING 
A SET OF GUIDE LINES OR REQUIREMENTS. THESE REQUIREMENTS 
WERE USED TO GOVERN THE ADAPTATION OF THE YF-102A DESIGN 
TO THE NEEDS OF THE NAVY. PRELIMINARY DISCUSSIONS WITH 
VARIOUS GROUPS IN THE NAVY STARTED ALMOST TWO YEARS AGO, 
OUT OF THESE DISCUSSIONS THE RRXKGRXXMG REQUIREMENTS SHOWN 
IN THE NEXT CHART WERE ASSEMBLED, 


CHART NO. I7: 
OUR INTERPRETATION OF THESE REQUIREMENTS AT COMVAIR IS 
AS FOLLOWS: 
(I) THE ATTACK MISSION REQUIRES 800 NAUTICAL MILES 
RADIUS OF ACTION WITHOUT REFUELING; TAKE-OFF 
AND CLIMB WITH EXTERNAL TANKS; RUN-IN 100 N.MI. 
ON THE DECK AND RUN-OUT 50 N. Ml. 
(2) SUPERSONIC SPEEDS REQUIRED WITH STORES ABOARD 
AND MAINTAIN A STEADY BOMBING OR MISSIRE LAUNCHING 
PLATFORM UP TO DESIGN LIMITS. 
(3) CARRY BOMBS OR MISSILES INTERNALLY TO INSURE: 
А. SUPERSONIC SPEED WHEN DESIRED, 
B. CONTROLLED ENVIRONMENT FOR THE WEAPONS, 
Co MAXIMUM VERSATILITY IN TYPES OF STORES CARRIED, 
(4) DELIVER EITHER SPECIAL WEAPONS OR GUIDED MISSILES 
SINCE THE AIRPLANE MAY BE NEEDED FOR EITHER MISSION 
ON VERY SHORT NOTICE, IF CARRIER AIRCRAFT ARE TO 
BE TRULY SUPERSONIC THEN A REDUCTION IN NUMBERS 
AND TYPES CARRIEB 15 ALMOST UNAVOIDABLE. THEREFORE 
EACH AIRPLANE MUST BE CAPABLE OF THE MAXIMUM 
NUMBER OF USES , 


UNCLASSIFIED 


^ 


(5) 


(6) 


(7) 


й 


` 
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AUTOMAT IC кыа gee EE атов THE 
CORRECT DESTINATIONAAFTER AN 800 MILE FLIGHT 

AND TO AID IN LOCATING TARGETS UNDER ALL WEATHER 
CONDITIONS. | 

A DUAL PURPOSE FIRE CONTROL SYSTEM 1S REQUIRED TO 
PROVIDE MINIMUM CHANGE OVER TIME BETWEEN THE ATTACK 
AND FIGHTER MISSIONS, THIS HAS ALWAYS BEEN DESIRES 
ABLE BUT HAS ONLY RECENTLY BECOME PRACTICAL, SOME 
COMPROMISE FOR THE ATTACK MISSION MAY STILL BE 
INEVITABLE, HOWEVER, OUR 3 PHASE DEVELOPMENT PLAN 
IS DESIGNED TO GIVE YOU THE MAXIMUM CAPABILITY IN 
EACH STAGE OF ЖИК GROWTH OF THE AIRPLANE AND ITS 
WEAPONS SYSTEM. 

AT THE PRESENT TIME TWO CREW MEMBERS APPEAR TO BE 
ESSENTIAL FOR THE ATTACK MISSION AND OFFER CONSIDER- 
ABLE ADVANTAGE IN THE FIGHTER MISSIONS. OUR 3 PHASE 
DEVELOPMENT PLAN IS AIMED AT THE EVENTUAL PERFECTION 
OF A ONE MAN SYSTEM. HOWEVER, WE ARE INCLINED TO 
THINK THAT EVEN WITH MAXIMUM AUTOMATICITY, THE 
NUMBER AND TYPES OF CONTROLS FOR SUCH MISSIONS MAY 


abwayS-REQUIRE TWO COCKPITS AND TWO CREW MEMBERS, 


(8) 


(9) 


EARLY PROTOTYPES ARE ALWAYS DESIREABLE. TODAY 15 
NOT TOO SOON. IN THIS CASE WE ARE TALKING ABOUT 
HAVING THE FIRST SIX AIRCRAFT IN FLIGHT TEST IN 

33 MONTHS, 

A PLANNED PROGRAM SHOULD BE A MUST IN EVERY 
GPERATIONAL REQUIREMENT SINCE WE KNOW THE ULTIMATE 
GOAL CAN NEVER BE ACCOMPLISHED IN THE FIRST STAGE, 
WITH OUR DEVELOPMENT PLAN WE HOPE TO ONTAIN THE 


MAXIMUM SYSTEMATIC e QU AND 7و‎ 


( ۸ ۸۱ 
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FROM THE WEAPONS SYSTEM AS ORGGINALLY CONCEIVED. 7 
(10) AND LAST BUT NOT IN ANY WAY THE LEAST, YOU MUST 
HAVE CARRIER SUITABILITY. IN THIS DESIGN PROPOSAL ۰ 
WE HAVE шинийн NINE REQUIREMENTS «im: 
ыйсы тынын RESULTANT CARRIER SUITABILITY. 
AL WHYS UPPER MOST LA DYR "MIA DS, 
NEARLY EVERYONE WE HAVE TALKED WITH IN THE NAVY HAS EXPRESSED 
HIS CONCERN ABOUT C/RRIER SUITABILITY, HOWEVER, IM SPITE 
OF THE INTEREST AND KNOWLEDGE WHICH 4Е FOUND, IT WAS 
DIFFICULT TO WRITE DOWN A SET OF DESIGN LIMITATIONS. WE 
KNEW THAT AIRPLANES AND CARRIERS WOULD NOT BE WHERE THEY 
&RE TODAY IF ALL NEW AIRPLANES WERE DESIGNED TO EXISTING 
OR OLDER STANDARDS, IN ONE SET OF.DATA WE FOUND WHAT 
APPEARS TO BE A GRAPHIC HISTORY OF WHAT HAS BEEN HAPPENING, 
THE NEXT CHART, EVEN THOUGH RELABELED, tS UNDOUBTEDLY FAMILIAR 
TO MOST OF YOU. 


| 


CHART NO. 14: 
ЕА m на. 

WHEN VIEWED UNDER THE LABEL "ARRESTING GEAR HISTORY" THIS 
CHART SEEMS TO BE MORE INDICATIVE OF THE FACTS WE MUST 
RECOGNIZE. THE VERTICAL SCALE 15 FOR DEAD LOAD WEIGHT IN. 
THOUSANDS OF POUNDS. THE HORIZONTAL SCALE IS FOR LANDING 
APPROACH SPEEDS IN KNOTS, THE THREE SETS OF CURVES ARE 
FOR THE MK. 4, THE MK.5, AND THE MK. 7 ARRESTING GEARS. 


WHEN WE HAD STRICTLY "SUBSONIC" PROPELLER DRIVEN А! КСКАРТ- 
ОК TYPICAL WORLD WAR 11 AIRCRAFT š THE LANDING APPROACH 
SPEEDS WERE шал! BELOW 100 KNOTS. · IN THOSE DAYS IT WAS 

АР ЕК CAPTAIVS ew. THEIR AIR DE PAR rn EATE 
DIFFICULT TO GET ТНЕФӨФЕРЖ TO AGREE THAT APPROACH 
SPEEDS OF OVER 100 KNOTS WOULD BE PRACTICAL. BUT IT APPEARS 
THE DESIGNERS OF AIRPLANES AND ARRESTING GEAR IGNORED THE 
.۳ ۲۵۳۳۲5۱۴5 OF FAILURE. EVEN ВЕРОКГ THE MK, 5 GEAR WAS | 


' ۷ 6۸٩٩۱۲۱۲ 1 


Coe, eee 
VNGLASSIFIED ше 0 


OPERATIONAL, THE "TRANSONIC" AIRCRAFT WERE PUSHING OVER ` 
THE LIMITS, WE UNDERSTAND THAT ONE OR MORE OF THESE А | R* 
PLANES (A3D & F3H) WERE DESIGNED BEFORE THE MK, 7 GEAR 
WAS A SURE THING. AND THEREBY PROGRESS !S MADE, 


iT 22222 | 
урин) THAT IF TRANSONIC AIRCRAFT REQUIRED LANDING 


APPROACH SPEEDS OF ۱۱5 ro 125 KNOTS THEN THE 130 KNOT 
FIGURE WAS NOT EXACTLY UNREASONABLE FOR AN AIRPLANE THAT 
REALLY BELONGS IN A NEW ERA OF DESIGN. WE BELIEVE THAT 
IF FLIGHT SPEEDS OF THE ORDER OF MACH 1.5 TO 2.0 ARE TO 
BE ACCOMPLISHED FROM NAVY CARRIERS THEN THE APPROACH SPEEDS 
WILL BE A LITTLE HIGHER THAN THE TRANSONIC AIRCRAFT. THIS ` 
MAY REQUIRE SOME ADDITIONAL DEVELOPMENT IN MATERIALS, 
PROCEDURES AND EQUIPMENT. OTHERWISE, SOME COMPROMISES |N 
THE AIRPLANE OR THE OPERATIONAL REQUIREMENTS WILL BE 
NECESSARY, 


(Vole ۷ هسب‎ м Сб 


CHART NO. 15: 
IN THE NEXT CHART WE WOULD LIKE TO SHOW MOU HOW THE 130 


KNOT FIGURE WAS DETERMINED, THE VERTICAL SCALE 15 FOR 
13 772 THE PRECEDING OC HART | 
BOTH THRUST AND DRAG. “THE HORIZONTAL SCALE 15 FOR LANDING 
CM OT EMERGING х 


APPROACH SPEEDS AAs E 
ГЭ 

THE LOWER THRUST CURVE IS THE J-57-P-11 THE EARLIER POWER 1 
PLANT USED IN THE F-102. THE DRAG CURVE FOR THAT AIRPLANE > 
с 


IS THE MIDDLE ONE OF THE THREE, AT A LANDING APPROACH 
SPEED OF 154 KNOTS THE F-102 WITH THE P=I1 ENGINE HAS 0. 03543 
ACCELERATION OVER LEVEL FLIGHT. ON THE FIRST FLIGHTS OF — | 
THE YF-102A THE PILOT MADE COMFORTABLE APPROACHES AT ABOUT 3 
149 KNOTS. AT THIS SPEED THE "A" VERSION WITH THE Р-23 + 
ENGINE НАЗ 0۰0636 ACCELERATION OVER LEVEL FLIGHT. WITH rue d 
SAME RESFRVE THRUST AS THE Ани THE CARRIER BASED. 


UNCIASSIFIFE 


T 


| 


CHART NO, ЖЗХХ 4: 
ALTE OUI ACA та 


СИРИИ 


UNGLASSIFIED — 
ATTACK FIGHTER WILL HAVE THE ACCELERATION AT 130 KNOTS 
APPROACH SPEED. FLIGHT TESTS HAVE VERIFIED THE STABILITY 
AND CONTROL AT THIS SPEED. THE DELTA WING DOESN'T HAVE 

A STALL POINT BUT INSTEAD BEGINS TO LOSE LATERAL CONTROL 
AT ABOUT 105 INDICATED AIR SPEED. THE APPROACH SPEED OF 
130 KNOTS APPEARS TO BE THE BEST COMPROMISE OF ANGLE OF 
ATTACK, RESERVE THRUST, AND CONTROLLABILITY. 


NOW BEFORE WE PUT TOO MUCH ATTENTIÓN ON THIS ONE REQUIRE- 
MENT WE WOULD LIKE FOR YOU TO SEE HOW WELL THE MODEL 8 БМ 
ATTACK FIGHTER MEETS SOME ОҒ THE OTHER REQUIREMENTS. 3 


YOU ALREADY HAVE SOME OF THESE FIGURES IN MIND: 800 N.MI., 
RADIUS; 100 MILES RUN-IN AND 50 MILES RUN-OCUT AT SEA LEVEL. 
ON THE ATTACK MISSION WITH A 1700 POUND STORE THE MODEL 8 
CRUISES OUT AROUND 40,000 FEET AT MACH 0.90 AND MAKES THE 
SEA LEVEL RUN AT MACH 0.95, THESE SPEEDS ARE WITHOUT 
AFTERBURNER AND ARE ASSOCIATED DIRECTLY WITH HAVING A CLEAN 
AIRPLANE WITH THE STORE CARRIED INTERNALLY, THE STORE САМ 
BE THE МК. 7, THE CLASS "D" OR THE CLASS "Е"" SPECIAL 
WEAPON. THE DETAILED CAPABILITIES OF THE NAVIGATION AND 
FIRE CONTROL SYSTEM WILL BE DISCUSSED UNDER THAT HEADING 

AT LITTLE LATER IN THIS PRESENTATION, WE SHOULD MERELY 

NOTE IN PASSING THAT THE RADAR AND THE INERTIAL NAVIGATOR 
ARE ALMOST BASIC NECESSITIES FOR SUCH A MISSION. 


CHART МО, 2 

THE MODEL 8 HAS SEVERAL ATT RACTIVE VARIATIONS FOR THE 
FIGHTER MISSION. WITH EXTERNAL FUEL ON THE AREA INTERCEPT 
MISSION, THE MODEL. 8 CAN STAY ON STATION 345 N.MI. FROM 


1148 13111414! ee 


UNGLASSIF 


THE CARRIER FOR A. PERIOD Ч i 4 HOURS.WITHOUT REFUELING. 1 
AT 100 М,М1, RADIUS FOR THE SAME ТАКЕ-ОРЕ WEIGHT THE MODEL 8 
GAN STAY ON STATION FOR A FERIOD OF 2,3 HOURS, THE COMBAT 
CEILING 15 WELL OVER 50,000 FEET, EITHER 4 SPARROWS, 6 
SIDEWINDERS, or 2 DING DONG MISSILES MAY BE CARRIED FOR 
THESE AIR TO AIR COMBAT MISSIONS, TA — BE 


ED | НЕМ ВАНО .۶ٹ‎ 
میا‎ ЕА ср, Sinby вол Lave out: 


WITH THE SPARROW | FULLY EFFECTIVE ATTACKS CAN BE MADE UP 
TO 7,500 FEED ABOVE THE 1426 CEILING LIMIT, CONSERVATIVE 

(>) CALCULATIONS SHOW THAT SUCCESSFUL ATTACKS САМ BE MADE ON 
ENEMY AIRCRAFT FLYING AT 58,500 FEET. THE FINAL CAPABILITY 
OF THE SPARROW MISSILES SHOULD BE MUCH BITTER THAN THIS. 
WE UNDERSTAND THAT VERY LITTLE IS KNOW ABOUT THE SPARROWS 
AT SUCH ALTITUDES SINCE THERE ARE NO AIRCRAFT TODAY WHICH 
MAY BE USED TO LAUNCH THEM.AT HIGH ALTITUDES. 


CHART NO. 6: 
THE CONFIGURATION OF THE CARRIER BASED ATTACK FIGHTER IS 
THE RESULT OF ADDING THE FOLLOWING TO THE ORIGINAL CAPABILITY 


OF THE F-102A DESIGN: 
Cl) CHANGES FOR CARRIER SUITABILITY. 


(2) SPECIAL WEAPONS ATTACK CAPABILITY, 

(3) PROVISIONS FOR A SECOND ۸۷ ۰ 

(4) PROVISIONS FOR THE INSTALLATION OF THE J-67. 
THESE CHANGES HAVE HAD NEGLIGIBLE EFFECT ON THE ۵ 
CONFIGURATION OR PERFORMANCE.EXCEPT THAT THE ADDITIONAL 
POWERR RESULTS IN INCREASED PERFORMANCE, THE SAME CONF IG 


URATGON WILL TAKE THE J-75 POWER PLANT WITH MINOR CHANGES. 


UNCLASSIFIED 


UNCLASSIFIED oo سی‎ 


THE OVER-ALL DIMENSIONS CAN BE BETTER EXPRESSED IN TERMS 
OF THE STANDARD CARRIER DECK SPCT, ETGHTEEN (18) AIRCRAFT 
САМ BE PARKED IN THE STANDARD 200'ву 96' SPOTTING AREA. 


THE DELTA WING WAS CHOSEN FOR ITS MANY ADVANTAGES, THERE 
ARE NO AERODYNAMIC DEVICES SUCH AS LANDING FLAPS, LEADING 
EDGE SLOTS, OR VARIABLE LEADING EDGE. THE DELTA WING OFFERS 
THE BEST COMBINATION OF CHARACTERISTICS WHERE BOTH LOW 

CARRIER APPROACH SPEEDS AND HIGH SUPERSONIC SPEEDS ARE 
REQUIRED. 


CHART МО, 7: 
THIS CHART ILLUSTRATES THE ALTITUDE CHARACTERISTICS FOR 
MAXIMUM HIGH SPEED (ON THE LEFT) AND MAXIMU RATE OF CLIMB 
ON THE RIGHT). THE PREDICTED PERFORMANCE FOR THE УЕ- 102A 
IS SHOWN WITH A SOLID LINE AT THE LEFT IN FACH CASE. YOU 
WILL NOTE THAT THE ACTUEL PERFORMANCE FROM PRELIMINARY 
FLIGHT TEST DATA (SHOWN BY THE DOTTED LINE) 15 BETTER THAN 
PREDICTED. THE KK HIGH ALTITUDE PERFORMANCE OF THIS J-57 
POWERED VERSOON IS WELL WORTH CONSIDERING. THERE ISN'T 
MUCH THAT CONVENTIONAL AIR BREATHING ENGINES CAN DO FOR у 
YOU AT 50,000 FEET. THE EARLIEST J-67 ENGINE DOES IMPROVE. 
THE Vmax TO ABOUT MACH 1.2 AND THE RATE OF CLIMB IS VERY : 
GREATLY IMPROVED. THE MODEL 8 CAN REACH COMBAT KK CEILING Š 
IN 7.18 MINUTES, THERE ARE TWO DISTINCT ADVANTAGES IN 
USING THE J-67 POWER PLANT IN THE BASIC DESIGN OF THE 
CARRIER BASED ATTACK FIGHTER. THEY ARE: 
FIRST - THE GROWTH OF THE POWER PLANT WILL RESULT 
DIRECTLY IN INCREASED PERFORMANCE AS SHOWN 
BY THE CURVE ON THE RIGHT (FOR Vmax). THE 
ADVANCED J-67 (C4) WILL PROVIDE POWER FOR 


THE DESIGN LIMITS, 
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UNCLASSIFI 
SECOND سے‎ IS AN EXCELLENT BACK-UP 

PROGRAM IN THE J-75 POWER PLANT, 
THE FLIGHT CO"TROL SYSTEM HAS BEEN DESIGNED, MANUFACTURED, 
AND TESTED. FLIGHT TESTS HAVE ALREADY DEMONSTRATED EXCEL- 
LENT HANDLING CHARACTERISTICS IN BOTH THE TRANSONIC AND 
THE SUPERSONIC ` REG IONS STRENGTH HAS BEEN PROVIDED FOR 
FLIGHT SPEEDSAUPR ТО MAC MACH NO. 1.95 AND A TEMPERATURE LIMIT 
OF 210 DEGREES FAHRENHEIT. PROVIDED RATE OF POWER. PLANT 
GROWTH CONTIMUES AS FXPECTED FLIGHT SPEEDS IM THE MODEL 8 
ATTACK FIGHTER WILL BEGIM TO ENCOUNTER THE THERMAL BARRIER 
ву 1961. THESE PERFORMANCE CAPABILITILS ARE EQUALLY MATCHED 
BY THE CAPABILITIES FOR CARRYING WCAPONS AND EQUIPMENT. 
THESE ITEMS ARE LISTED ON THE NEXT CHART, 


CHART NO, 8: 


THE EQUIPMENT FOR OPERATION IN ALL TYPES OF WEATHER IS JUST 
ABOUT COMPLETE, IT SHOULD BE THE CPTIMUM FOR THIS TYPE OF 
AIRPLANE. THE RADAR ANTENNA HAS A RETRACTABLE EYE-BROWK 
ATTACHMENT WHICH PROVIDES GROUND PRESENTATION WHEN THE RADAR 
IS USED IN THE SEARCH MODE. THE EQUIPMENT LISTED 15 STAN- 
DARD NAVY GEAR WITH MINOR MODIFICATIONS PLUS THE INERTIAL 
NAVIGATOR. MR. KITTEL WILL DISCUSS THE PLAN FOR SYSTEMATIC 
DEVELOPMENT OF THIS EQUIPMENT IN JUST A FEW MINUTES. 


WE BELIEVE THAT THE SECOND СВЕММАМ IS A VITAL PART OF THE 
REAL ALL WEATHER OPERATING CAPABILITY. WHEN TIME IS SUCH A 
CRITICAL FACTOR IN NEARLY ALL PHASES OF HIGH SPEED FLIGHT + 
THE ABILITY TO SET UP AND OPERATE TWO OR MORE EQUIPMENTS AT 
۸ TIME 15 EXTREMELY IMPORTANT. THERE 15 MORE ON THIS POINT 
IN THE NEXT CHART. 


HOWEVER, BFFORE WE LEAVE THIS CHART, THE ADVANTAGES IM. 
и ма ۸ 6 61 ۳ رز‎ ۳۲ ۲ S 


UNCLASSIFIED. 0 


CARRYING STORES INTERNALLY ARE WELL KNOWN IM THIS AUDIENCE. 
THE LARGEST SIZE SPECIAL WEAPON WHICH CAN BE CARRIED 1S THE 
CLASS D. THE SUPERSONIC MK.7 AND THE CLASS E ARC BOTH 
LIGHTER AND SMALLER AND MAY BE CARRIED EASILY. TWO DING 
DONG MISSILES MAY BE CARRIED. VERY LITTLE HAS BEEN SAID 
ABOUT THIS WEAPON, BUT IT WOULD SCEM THAT THE NAVY SHOULD 
HAVE FIRST PRIORITY SINCE IT MAY EVEN BE LIMITED TO OPEN 
OCEAN WARFARE. AS MENTIONED EARLIER - 4 SPARROWS, OR 6 
SIDEWINDER MISSILES MAY BE CARRIED INTFRNALLY. AND, OF 
COURSE, THE BOMB BAY IS READILY ADAPTABLE TO OTHER WELL 
KNOW USES SUCH AS TANKERKITS AND PHOTO-RECONNAISANCE KITS. 
| 
CHART NO. 9: | \ 
TWO CREW MEMBERS ARE PROVIDED AS A TEAM TO GIVE YOU THE 
MAXIMUM OPERATIONAL VERSATILITY. THE PILOT IS NORMALLY 
OCCUPIED WITH FLIGHT ON INSTRUMENTS OR VISUAL SEARCH AND 
ATTACK, THE DUTIES OF A HOODED OPERATOR ON THE RADAR AND 
FIRE CONTROL SYSTEM ARE ACTUALLY INCOMPATIBLE WITH GOOD 
PILOTING. THE SECOND MAN WAS INSTALLED AS A RESULT OF 
THE NEEDS FOR THE 800 М.МІ. SPECIAL WEAPON MISSION, BUT 
THERE IS ALSO CONSIDERABLE INCREASE IN EFFICIENCY FOR THE 
AIR-TO-AIR FIGHTER MISSION, THE NAVIGATION, COMMUNICATION, 
AND FIRE CONTROL SYSTEMS ARE ESPECIALLY ARRANGED FOR OPER- 
ATION BY TWO CREW MEMBERS. FURTHER REDUCTION IM EQUIPMENT 
OR FUNCTIONS PERFORMED 15 POSSIBLE BUT IN EACH CASE SUCH 
REDUCTION COMPROMISES MISSION RELIABILITY IN SOME RESPECT. 


(READ OFF THE DUTIES PERFORMFD BY THE PILOT AND C REWMAN) . 


7 Wen | | | осме. | 
BY REDUCING THE NUMBER OF DUTIES PERFORMED ВУ ЖӨЖ MAN 
THE CHANCE OF ERROR IS REDUCED. WE BELIEVE THAT THE DOUBLE- 


UNCLASSIFIED 
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UNCLASSIFIED ۰ ШЕ E 
GHECK WHICH RESULTS FROM THIS TEAM-WORK IS iNVALUABLE. 
THE ۸0۱۷۸۱۱۲۸6 7973711 THE PSYCHOLOGICAL FACTOR 
RESULTING FROM THE PRESENCE OF ANOTHER HUMAN BEING 15 
BEYOND ESTIMATION. | 


CHART NO. 10: 

THE THREE PHASE DEVELOPMENT PROGRAM FOR THE MODEL 8 
CARPIER BASED ATTACK FIGHTER AND ۱۲5 WEAPONS SYSTEM 15 
OUTLINED IN THE NEXT CHART. THE AVAILABILITY ОР THE 
ELECTRONICS SYSTEMS AND ALRFRAMES IS INDICATED BY THE 
HORIZONTAL SCALE IN TERMS OF MONTHS AFTER GO-AHEAD., 

THE AVAILABILITY OF POWER rLANTS 1S SHOWN OM A CALLNDAR 
YEAR BASIS, THE FIRST SIX AIRCRAFT COULD BE IN FLIGHT 
TEST BY THE END OF 33 MONTHS AFTER GO-AHEAD, ENGINES 
WILL BE AVAILABLE BEFORE THAT DATE. PHASE A OF THIS PRO- 
GRAM WOULD RESULT IN THE EARLIEST POSSIBLE DELIVERY OF 
CARRIER SUITABLE AIRCRAFT EQUIPPED WITH AN ELECTRONIC 
SYSTEM CONSISTING MAINLY OF CURRENTLY AVAILABLE GEAR, 

THE DETAILS OF THE PLAN FOR ELECTRONICS SYSTEM DEVELOPMENT 
WILL BE DISCUSSED SEPARATELY IN A MOMENT. 


THE INDICATIONS OF PRODUCTION REFER ONLY TO CAPACITY. THE 
QUANTITIES WHICH CAN BE TURNED ‘OUT HAVE МОТ BEEN DETERMINED. 


IT 15 INTENDED THAT PHASE B OF THIS 00 N WOULD RESULT IN 
Е WEULD РЕ THE 
THE OPTIMUM TWO MAN CREW WEAPON SYSTEM. سرد‎ деен ; : 
PRESENTATION AMD THE и کر برجم کر بل بر‎ ke, „ето. POT جارس‎ AM 
Kap ==; سے سے سے اہ سے سک‎ ER 
weaved GE PROV DED FOR B OT HA "9H0-To- fu R AMD 910-70 - 0 ۱۷۸۸۵ MOYES, 
DEVELOPMENT OF THE OPTIMUM ONE MAN WEAPON SYSTEM WOULD BE 
THE MAIN GOAL OF РНАЗЕ C. THE ULETIINATE AIRFRAME AND 


ENGINE COMBINATION WOULD BF ENGINEERED AT THE SAME TIME. 


UNCLASSIFIED 
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UNCLASSIFIED 
THE DETAILS OF SUCH A LONG TERM DEVELOPMENT PROGRAM ARE 
CERTAINLY SUBJECT TO YOUR NEEDS AND DfSIRES, CONVAIR HAS 
SHOWN THIS PLAN IN ORDER TO SUGGEST A LOGICAL STEP BY STEP 
APPROACH TO THE ULTIMATE DESIGN, THE FIRST PHASE OF THE 
PROGRAM WOULD RESULT IN READILY USEABLE OPERATIONAL AIR- 
CRAFT. THIS INITIAL MODEL COULD BE ORDERED INTO PRODUCTION 
AS DESIRED. THE PERIOD BETWEEN PHASES WOULD DEPEND UPON 
THE URGENCY OF REACHING THE ULTIMATE GOAL. IT WOULD SEEM 


MOST DESIREABLE TO INCORPORATE THE BEST AND LATEST IN 


EQUIPMENT AND POWERK PLANT DEVELOPMENTS BEFORE PHASE C 15 


PUT INTO PRODUCTION. THIS CONCLUDES му PART OF THE 
PRESENTATION a 


AND NOW 
TO DISCUSS THE THREE РНАЗЕЗ ОР THE ELECTRONICS SYSTEM 


DEVELOPMENT PLAN, ! WOULD LIKE TO INBRODUCE MR, KITTEL 
FROM CONVAIR'S ELECTRONIC GROUP, MR. KITTEL... 


ЗЕ СОМЕ ТЕМПА 


29 Jenuaxy 1959 
: се: Contracts 

| To: T. Go Pownall Engr, Files 

| Medel 8 P/O 

From: D. C. Worden | | Lo Bo Otten 
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2 MODEL 8 PROJECT oF МЕМО [58-Й] 


Subject: Proposal for Incorporation of the 10" Antenne in 7-106۸ Alxcraft. 


| Please deliver to Major Flack as soon as possible. 
The Convair proposal for incorporation of the hO" antenna in the F-106A 


sirplene is covered by document 2Р-8-513, which is en exhibit to ECP ۰ 
The schedule as shown in this document shows initial production starting in 
August of 1959, and а production build up starting in Februaxy of 1960. 


: Convair вой Hughes have co-ordinated on 8891440181 features which would 
be desirable to have in this August 1959 airplane. 


Listed below are all of the desired features with their availebility dates: 


Box Availability Airoereft Availability 
1. 40" Antenna May 1959 | August 1959 


mam а жж‏ ہے 


3. Rendon РЕР 8 ۶9ٛ ٤٦ " M می‎ 2 92 Е 

| h. ЕР Tuning "ч ti У | 

4 5. Anti Chaff Dee 1959 Merch 1960 

| 6. Angle Ranging. . “7 

T. Pulse to Pulse Frequency Shift 

(КОРА) пин 

Provisions for | Merch 1960 

i |. Systems | Dec 1960 Merch 1961 

| 8. Initial Nevigation Dee 1959 March 1960 

9. Transitorized Computer 5 7 

۱ 10. IR Augmentation E з " " 
ll. Time Division Data Link ч " 4 " 


- 
- 
-а 


Convair end Hughes jointly propose that the scheduled delivery starting 


in August 1959 be maintained. Thies eirplane would have complete installation 
of items 1 through 4. Also, basic eixcraft provisions would be included for 
items 5 through 11. | 


Aiveraft provisions would include space, weight, structure, aircraft cooling 
and eircraft power supply. Additions] investigation is required to fully deter- 
mine that power supply for МОРА can be aveilable in this August 1959 airplanes 


is proposed starting in February 1960 


| МОРА should be available to meet 


By thie proposal, hO" antenna capability would be introduced for the Air | 
Force at the earliest possible time. It is to be noted that each months slippage 
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INTRODUCTION 


The МС-10 is the aircraft and weapon control system 
for the F-102A one-man Supersonic all-weather interceptor 
being produced by Convair, Initially this interceptor will 
be armed with GAR-I' (Falcon) guided-missiles and 2.75- 
inch (FFAR) rockets. In the future it may be armed with 
GAR-1B' as well as GAR-1 missiles and 2-inch insread of 
2.75-inch rockets. 

The MG-10 system is an extension of the MG-3 rocker 
and missile fire control system, which went into produc- 
tion іп mid-1955. The MG-3 development was initiared in 
late 1952 when it became apparenc that the МА-1 aircraft 
and weapon control system (then being developed under 
Project MX-1179) would nor be ready for production in 
time for delivery with the early production units of the 
F-102. The MG-10 system includes, in addition to che basic 
MG-3 components, an automatic flight control subsystem 
and a dara-link subsystem, These give the MG-10 system 
capabilities approaching those of the MA-1 system. 

МС-10 production is scheduled for early 1956 and will 
continue into 1958, when the MA-1/F-102B weapon system 


t 


will start phasing our the MG-10/F-102A. 

This report presents a comprehensive review of the 
MG-10 system. The brief description describes briefly the 
system's capabilities, che equipment the system comprises, 
and the operation of the system during an air defense mis. 
sion. The remaining chapters present detailed descriptions 
of each of the six subsystems of the MG-10 ar a block dia- 
Bram level. 

It should be noted that, since the System is still under- 
going tests and thar che development of some portions of 
the system is not yer complere, differences may exist berween 
the details of the system as described here and as ir will 
eventually be when it goes into operational use. These dif- 
ferences, however, will be slighr. 


GAR-1B Infra-red seeker missile, 
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Fig. 1. MG-10 System simplified block diagram. | 
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СОСКРТ AREA 
Section A.A 
Optical Sighthead, Radar Indicator, 

Flight Control Group, System Controls 
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FORWARD ELECTRONICS COMPARTMENT 


Area A— Radar and Computing Subsystem 

Ares B— Radar ond Computing, Missile 
Auxiliary Subsystems | 

Area C— Radar and Computing, Missile 
Auxiliary, and Power Supply Systems. 


Installation of MG-10 components in the F-102A 
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INTERMEDIATE ELECTRONICS COMPARTMENT 


Section 8-В— Automatic Flight Control, Radar 
and Computing Subsystems 

Section C-C— Power Supply, Missile Auxiliary, 
Radar and Computing Subsystems 

Section D-D— Data Link Subsystem 
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AFT ELECTRONICS COMPARTMENT 


Section E-E— Radar and Computing, Power 
Supply, Missile Auxiliary 
Subsystems 


Note: This illustration has been made available since the publication of this docu- 


ment (“А Functional Description of the MG-10 Aircraft and Weapon Control 


System") and is now attached because of its general interest. 
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BRIEF DESCRIPTION 


The MG-10 aircraft and weapon control system per- 
forms the conventional fire control functions of detecting 
the interceptor's target by radar and directing the inter- 
ceptor's attack. In addition, the system provides automatic 
communication and flight-control capabilities which relieve 
the interceptor pilot of many complex Биг mechanical tasks. 
Thus relieved, the pilot is given more time and freedom to 
monitor the over-all tactical situation and to concentrate 
on the more demanding jobs of selecting and identifying 
his target, resolving multiple targets, evaluating the enemy's 
countermeasures, choosing the armament and the mode of 
attack ۲۵ be used, etc. 

During an interception, the MG-10 system performs 
four primary functions: 

(1) Ic receives from GCI and presents to the pilot 
the position and altitude of che assigned target and steering 
instructions for vecroring the interceptor out to meet the 
target. 

(2) It automatically searches for che target by radar, 
presenting the pilot with a display of the targets it picks up. 

(3) When the pilot has located his target and manu- 
ally locked the MG-10 radar onto it, the system automati- 
cally flies the interceptor on a lead-collision attack course 
for the selected armament. Ac the same time, it presents 
the pilot with a steering display so that he may, if he desires, 
fly the attack manually. 

(4) The system prepares the selected armament for 
flight and automatically fires it at the correct time. 

These functions may be varied depending on the attack 
situation. If the target is flying at extremely high altitudes, 
or if, when the pilot detects the target, it is flying at а con- 
siderably higher altitude than the interceptor, the pilot may 
set the system for a "snap-up" mode of attack, which ex- 
ploits the superior climbing and high-altitude maneuvering 
capabilities of the Falcon missiles. In the snap-up attack, 
when the radar has been locked on the target, the system 
steers the interceptor on a lead-collision course against the 
target in azimuth only and holds a constant altitude until 
just a few seconds before firing. Then it snaps the inter- 
ceptor up onto a firing course in elevation and fires the 
missiles, This tactic has the advantage of not requiring the 
interceptor to fly to the same altitude as the bomber, thereby 
saving time and allowing the interceptor to operate ar an 
alrirude where it is most maneuverable. 

If the operation of the MG-10 radar is impaired by 
enemy countermeasures or by excessive ground return (as 
it might be at low alritudes), the system will enable the 
pilot to make optical attacks. For these, an optical sight is 
provided which directs the interceptor on pure pursuit 
courses for launching GAR-1B infrared seeker missiles and 
on lead-pursuit courses for launching rockets. Steering and 
firing during these attacks, of course, are performed 
manually. 


In адф оп. то the primary functions discussed in the 
preceding paragraphs, the MG-10 system performs several 
functions of a secondary nature. It provides steering signals 
to permit the pilot to maintain a position off the tail of 
another aircraft. This function, called "snake" operation, 
enables an interceptor to follow another interceptor safely 
under conditions of poor visibility or to approach an un- 
known target slowly from the rear for visual identification. 
The system further provides the flight control functions of 
holding the interceptor's attitude and/or altitude or heading 
to relieve the pilot during the intercept and return phases 
of a mission, and it provides automatic flight control dur- 
ing instrument lecdown to flare-out. To assise the pilot in 
navigation, the system's radar may be used for caking fixes 
on radar navigational beacons or for ground mapping. 

Although operational and tactical performance were 
stressed in the design of the MG-10 system, much considera- 
tion was given. the problem of maintenance. Features intro- 
duced to simplify maintenance include, in addition to 
maximum accessibility, the incorporation of self-test cir- 
cuitry which permits go, no-go tests of very neatly every box. 

In the MG-10 Universal Computer, for example, a 
relatively small amount of internal test circuitry eliminates 
completely the need for an elaborate external test device 
for alignment and trouble shooting. For che most part, the 
actual computer components are used to check the com- 
puting operation. If a series of tests is made, most of che 
computer circuitry is involved. By observing which tests 
succeed and which fail, the technician can isolate che trouble 
to a particular circuit on one of the subchassis of a major 
unit. The operation is such chat all the testing, alignment, 
and troubleshooting can be done without removing any 
unit of the computer from the interceptor or without 
requiring che technician to bring any equipmenc to the 
interceptor. 

Another example of self-test circuitry which gives a 
Eo, no-go check on certain portions of the MG-10 radar is 
a crystal delay line, which receives excitation from che radar 
transmitter main pulse and feeds its output into the radar 
receiver. The inclusion of the delay line eliminates the 
necessity of carrying a target simulator or equivalent signal 
generator to the aircraft co determine whether the radar is 
operative, and eliminates the need for a range calibrator. 


System Description 


In describing the MG-10 system ic is convenient to 
break it down functionally into rhe following six subsys- 
tems: radar and computing, missile auxiliaries, automatic 
flight control, data link, cockpit, and power supply. These 
subsystems and the general data flow berween them are 
shown in simplified block diagram form in Figure 1. The 
functions and characteristics of the individual subsystems 
are described in the paragraphs that follow. 


Locations of MG-10 Equipment in the Е-102А. 


Radar and Computing Subsystem 


The radar and computing subsystem is composed of a 
2S0-kw conical-scan X-band radar, an analog fire control 
computer, commonly known as the Universal Computer, 
and an air data computer. 

The radar portion of the subsystem provides automaric 
radar searching and tracking, radar ground mapping, and 
interrogation of radar beacons. The radar antenna و1‎ 0 
stabilized char normal roll angle and angle-of-attack changes 
will not change the area of search. When the pilot has 
selected his target and locked on, automatic radar tracking 
and the attack course computation start. 

The Universal Computer computes steering signals 
indicative of che interceptor’s deviation from the proper 
lead-collision attack course. The steering signals are pre- 
sented to the pilor by means of a steering dor on his radar 
scope. [п a manual attack he flies to zero the steering signals 
(the dot in che center of rhe scope); in an automatic attack 
he monitors the signals while the automatic flight control 
subsystem steers the interceptor. The computer fires the 
armament at the correct time and after armament launching 
presents a pull-out signal (an X) on the pilot's scope. If 
the carget-interceptor range diminishes to a predetermined 
minimum value before the armament is fired, the pull-out 
signal is also given. 


The air data computer is the central source of com- 
puted air data for che entire MG-10 system. Four basic in- 
puts, static and coral pressure, stagnation temperature, and 
angle-of-attack are picked up by sensors in the airstream. 
Seven computed outputs are coupled to this and the other 
subsystems: Mach number, true air speed, dynamic pressure, 
true angle of arrack, air density ( rocket attacks), missile “Е”! 
(missile attacks), and missile and rocker jump angles. 

Some of the more salient features of the radar and 
computing subsystem are briefly noted below. 

(1) The radar search range is 30 miles with an 80 percent 

probability of detection of a B-47 type target at 37,000 

yards. (This is substantially 40 percent greater than for 

the E-4 radar.) 

(2) The radar is tunable (by the pilot) over a range of 

8750 to 9200 megacycles as a defense against electronic 

countermeasures and cointerceptor interference. 

(3) Two chaff defense features have been incorporated: 
(a) a range-rate memory circuit which prevents the 
change of lockon from the target to rapidly decelerat- 
ing chaff, and 
(b) a nose-tail tracking circuit which will crack the 
edge of the carget return echo farthest from possible 
chaff return. 


“Тһе “F” computed is the optimum value of missile travel 
relative co the interceptor. 
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(4) Provisions have been made for compatibility with an 
air-to-atr IFF system. Presently proposed are the Hughes- 
developed AN/APX-26 interrogator-responser and the 
AN/APX-27 transponder. 


Missile Auxiliaries Subsystem 


The missile auxiliaries subsystem is composed of 
analog computing, servo, and control equipment, which 
receives target and aerodynamic dara from the radar and 
computing subsystem, and power from the power supply 
subsyscem, and prepares the missiles for launching. 

The operations performed by the missile auxiliaries 
are initiated by prelaunch timing signals provided by che 
Universal Computer. Briefly, che operations are as follows: 
(1) The MG-10 radar transmitter is tuned to a special fre- 
quency in the missile band and its pulse repetition rate is 
set to that of rhe missiles. 

(2) The missile local oscillators are tuned ro a frequency 
60 megacycles below that of the radar transmitter. 

(3) The missile range tracking gates are positioned to 
coincide with rhe radar range gare. 

(4) The missile seeker heads are servoed into coincidence 
with the radar antenna, chat is, trained on target. 

(5) The gains of the internal control systems in the mis- 
siles are adjusted in accordance with the altitude and clos- 
ing rare of the particular attack in order thar the missile 
aerodynamic performance will be optimum. 

(6) The application of external power, the switching from 
external power to che missile batteries, and che enabling of 
warhead arming are also performed by the missile 
auxiliaries. | 

In the firing of the GAR-1 missiles all six of the pre- 
ceding functions are carried out; for the GAR-1B missiles 
the first three functions are omitted. 

The missile auxiliaries subsystem will abort a missile 
attack and present the pull-our signal to the pilot under 
certain conditions. These are loss of radar lockon, ЮсКоп 
too late for completion of the missile preparation program, 
and a target maneuver causing time-tó-fire to occur before 
preparation program completion. 


Automatic Flight Control Subsystem 


The automatic flight control subsystem (AFCS) con- 
sists of analog computing equipment which provides pre- 
cise automatic flight control of (Ве interceptor in three 
modes: pilot assist, attack, and landing (AILS}. In the 
pilot-assist mode the subsystem functions as an autopilor 
to maintain. the aircraft's (1) piech and bank attitude, 
(2) pitch artitude and heading, (3) alticude and bank 
attitude, (4) altitude and heading as they were when the 
pilot-assist mode was engaged. In the attack mode the 
subsystem accepts steering signals from the Universal Com- 
puter and steers the іпгегсергог on the computed lead- 
collision. course. The automatic attack run begins after 
armament is selected and radar lockon is achieved. Auto- 


matic steering continues until the armament is fired or the 
attack aborted. The AFCS then goes into the pilot-assist 
mode until the pilot takes over. In the landing mode the 
АЕС accepts signals from the intercepior's localizer and 
glide path receivers and steers the aircraft down the ILS 
beam to the flare-out point. During automatic flight, the 
contro] surface positions are followed ar all times by che 
control stick, and rhe pilor can disengage the AFCS when- 
ever he chooses by means of a pressure switch on rhe 
stick. Transition from manual to automatic flight (or vice 
versa) is smooth and safe, since the characteristics of the 
Е-102А damping system, which controls pitch damping. 
yaw damping, and turn coordination, are identical in auto- 
maric and manual flighe. Electronic limiting of accelerations 
is provided so thar, in maneuvers governed by the AFCS, 
the stall limit of the aircrafe will пог be exceeded, nor will 
the pilot be subjected го an uncomfortable number of g's. 
The AFCS introduces a very short control rime lag, 
relative to the long time lag introduced by che response 
time of human pilots to steering signals. The shortening 
of the cime lag has three important advantages. 
(1) It reduces the time required for che interceptor to 
get on course for an accurare firing run. This is of particular 
advantage in the case of late radar lockons. 
(2) It increases the probability of kill for rockets against 
maneuvering targets. 
(3) К improves the probability of kill at high intercept 
speeds where human response time limitations become 
excessive. 


Data-Link Subsystem 


The data-link subsystem consists of a radio receiver and 
data-processing equipment for receiving automatic high 
speed digital data transmissions from GCI and for convert- 
ing them to analog form for display to che pilot. The dara 
transmitted over rhe data link will be thar required for 
close control of che interceptor by ОСІ: a command head- 
ing to fly, the time remaining until the interceptor reaches 
its destination, the target's range and azimuth relative to the 
interceptor, and the target's altitude. This dara will be dis- 
played to the pilot on his radar scope by means of a steering 
dot, a time-to-po circle, and a target marker circle, and on 
a meter, which will indicate the rargers altitude. 

The data-link transmission of close control information 
provides many advantages over the voice transmission 
method. Voice transmission is not reliable, is particularly 
subject to jamming, and is easily saturaced when the need 
for direcrion of many aircraft arises. The data link, on the 
other hand, has none of these disadvantages. [t is inherently 
more difficule to jam and contains circuitry which auromati- 
cally rejects data which is garbled or is received when the 
signal-to-noise level drops below a minimum acceptable 
value. The dara-link system of which the МС-10 data link 
subsystem will form a part will be capable of handling 
several hundred interceptors tuned to the same UHF data- 
link channel. With the data link, the pilot's response to 


GCI directions is quickened, since the information is pre- 
sented with амаск-гуре symbols on his radar scope. More- 
over, his chance of detecting targets at long ranges is greatly 
increased by virtue of the fact that the target marker circle 
reduces the area on the radar scope in which he has to 
look for the target. 


Cockpit Subsystem 


The cockpit subsystem contains the radar scope, the 
target alticude meter, a windshield-mounted servoed optical 
sight, a dual grip flight stick (on which are mounted certain 
subsystem controls}, and the subsystem control panels. 

The radar scope is used со display an artificial horizon 
and the information derived in the radar and computing 
and dara-link subsystems. The target altitude meter indi- 
cares from zero to 60,000 feer the target altitude received 
by the data-link receiver. The optical sight provides a means 
of target tracking when the radar operation is impaired by 
jamming or intense ground return. The left-hand grip of 
the double-grip flight stick is the radar hand control. Ir 
provides, in part, a means of controlling the radar antenna 
motion, range pate position, and target interrogation. The 
right-hand grip is used chiefly for aircraft controls and 
armamenr triggering. 

The MG-10 cockpit subsystem features а simplified 
scope presentation. Range and time-to-go scales have been 
removed from the scope face and che closing race scale on 
the scope periphery is artanged ro match clock numbering. 
Only vertical and horizontal cross hairs appear across che 
face of the scope. The scope is viewed through a polaroid 
filter, which when completely rotated will permit only the 
red portion of the spectrum to pass, thus greatly improving 
the pilot's night flying performance. 

The radar hand control (left-hand grip of che flight 
stick) is a significant advance over the hand control used 
in previous systems. In the MG-10 control, sideways move- 
ment of the grip controls the antenna in azimuth, as in 
previous controls. However, forward and backward move- 
ment which previously controlled antenna elevation, con- 
trols the position of the range mark on che range trace. 
Antenna elevation, which is far less critical in the lock-on 
operation than range-mark position, is controled by a 
thumb-operated knob. Because the movement of the MG-10 
hand control more closely matches the movement of the 
range trace and range mark on the radar scope, lock-on times 
with this control have been cur essentially in half. 


Power Supply Subsystem 


The MG-10 power supply consists essentially of an 
air-cooled moror-generator unit (а 400-cycle a-c moror and 
three d-c generators on a common shaft) and associated 
volrage regularors and circuit breakers. The generators’ out- 
puts are +300, +250, and —250 volts. Low frequency 
regulation is accomplished by exciting the generators’ fields 
through carbon-pile regulators whose resistances are con- 
troled by the generators’ outputs. The high frequency regu- 


lation is accomplished by clampacs, a combination series 
and shunt electronic regulator developed by Hughes. Since 
requirements for -j- 150-volt d-c power are relatively small, 
this voltage is supplied in a conventional manner by cou- 


pling the output of the +250 volt supply through а series 


regulator. 


This integrated power supply is a major step forward 
in airborne power gear. By eliminating many individual 
power conversion devices and by employing a highly ей- 
cient scheme of voltage regulation, the MG-10 power sup- 
ply provides roughly а fifty-percenr saving in weight and 
greatly increased reliabiliry over power supplies of cor- 
responding capabilities used in the past. 


System Operation 


The operation of the MG-10 system can best be de- 
scribed by following through, step-by-step, the events of a 
typical mission. Án interception with the F-102A will 
probably be carried out about as follows: After the inter- 
ceptor takes off, GCI will direct the pilot onto a collision 
course with a moving offset point from which the inter- 
ceptor can attack the target most effectively. When the 
interceptor has reached the offset point, GCI will direct іс 
approximately onto a collision course with the target. The 
interceptor will follow this course until it has picked up 
the target with its own radar. Then, operating independ- 
ently of GCI, the interceptor will attack the target. The 
sequence of events during interception are described in 
the following paragraphs. 

As soon as the interceptor is airborne, the MG-10 sys- 
tem starts го receive target data and steering instructions 
from GCI, and the pilot turns his attention to che radar 
scope which appears as in Figure 2. In the figure, the wide 
vertical line represents the range trace and the broken 
horizontal line is an artificial horizon. The circle in the 
upper portion of the scope is the target marker. It is posi- 
tioned in accordance with data received from ССІ Бу the 
data-link receiver and indicates where on the scope to look 
for the target, Only a portion of the circle would be visible 
if che target were beyond the range of display. The dot on 
the centerline of the scope is the steering dot. It is displaced 
laterally from the center of the scope so as to indicate the 
lateral steering instructions received from GCI. Displace- 
ments to the right indicare that the pilot should turn right; 
displacements co the left indicate that he should turn left. 
As he turns, the dot will move to the center of the scope. 

The pilot steers so as со keep the dor centered, and, in 
so doing, puts the interceptor on a collision course in azi- 
muth with the offset point. The pilot flies to the right alti- 
tude for attacking the target by comparing his own altitude 
with the altitude of the target as received from GCI and 
indicated on the rarget altitude meter. 

If the data link were jammed the pilot would be 
warned by the disappearance of the target marker circle. 
While the jamming persisted, rhe steering dot would sup- 
ply steering instructions for the last course-to-fly received 
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from GCI. When the jamming stopped, the target marker 
would reappear. 

About two minutes before the interceptor reaches the 
offset point, a large circle, shown on Figure 2, appears on 
the scope. This circle, called the time-to-go circle, indicates 
by its diameter the time remaining until the offset point will 
be reached. When the offset point is reached the time-to-go 
circle disappears and the dot moves out of the center of the 
scope indicating that GCI is sending different heading in. 
formation. Centering the dot now puts the interceptor 
roughly on a collision course with the target. As the inter- 
ceptor comes within radar range of the target, the target 
marker circle begins to move down into full view. When a 
target appears in the circle the pilot interrogates it by push- 
ing a switch." This causes all friendly targets to disappear 
from the scope. If the target within the circle does nor, the 
pilot concludes гћаг іг is an enemy. If the targets are weak or 
fading badly the pilot can check the identification by push- 
ing the identification switch in the Opposite direction. 
Then, the friendly targets are intensified. Once the pilot 
has located and identified his target, he selects the mode of 
attack to be used (if he has not already done so) and starts 
the attack. 

The details of system operation during the attack vary 
considerably from one attack mode to the next. For this 
description it will suffice to describe, first, a radar attack 
with GAR-1 guided missiles, and second, an Optical attack 
with GAR-1B guided missiles. 


Radar Missile Attack 


To initiate a radar attack, the pilot locks the radar on 
the targer. To do this he takes control of the radar antenna 
by pressing a trigger on the lefr-hand grip of the dual-grip 
control stick, moves the grip sideways to align the range 
trace with the target blip, Fig. 3, adjusts the elevation posi- 
rion of rhe antenna with the thumb operated knob to ger rhe 
brightest blip, and then moves the grip forward to align 
the range mark with the target. 

W'hen the radar is locked on the target, three changes 
occur im the scope display. The target marker circle dis- 
appears, the steering dot moves out of the center of the 
Scope, and two concentric circles appear. Flying to center 
the dot now purs che interceptor on a lead-collision course 
with the targer, as computed by the MG-10 computer. 
The inner circle serves as a reference for centering the 
dot. Once the targer's range has reduced ro 25,000 yards, 
the outer circle shrinks so as to indicate by its radius the 
range of the rarget. The posicion of the gap in the outer 
circle indicates the closing rare, which can be read in 
hundreds of knots from the scale on the rim of the display. 

Ar the time of lock-on the pilor may engage the auto- 
matic flight control system. He does this by setting the 
AFCS to its artack -mode and releasing the control stick. 
The system then automatically steers so as to center the 


*Provided the interceptor is equipped with the APX-26 and 
-27 fighter identification system. 
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Fig. 2.. Search and data-link presentation on radar 
indicator. 


steering dor. The pilot can at any time take control of the 
aircraft again by grabbing the stick. 

As the time to firing diminishes, the reference circle 
suddenly shrinks. At firing, which is done automatically by 
the MG-10 system, the two circles and the steering dot dis- 
appear and an X appears. When the X appears, the pilot 
takes control of the interceptor manually and breaks off 
the attack. 
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Fig. 3. Scope presentation during lock-on operation with 
data-link information being presented, 


It should be pointed out that approximately 16 seconds 
are required for preparing the GAR-1 missiles for launch- 
ing. If the pilor locks on the targer so late that there is not 
time for this, the pull-out signal appears without missile 
firing and the piloc must break off the attack and make 
another pass. He will also receive the pull-out signal if radar 
lock on is lost ас any time during the attack. 


Optical Missile Attack 


An optical attack is generally made if radar operation 
is impaired by heavy ground rerurn (which may be expe- 
rienced at extremely low altitudes) or by enemy jamming. 
The optical attack is flown manually, with the aid of the 
optical sight: For firing GAR-1B missiles, the reticle’ of 
this sight is fixed larerally in che center of the windshield. 
After the pilot has located his target һе flies so as to center 
che reticle on the target. (This leads him on a pursuit 
course.) As soon as the pilot is in position for actacking the 
target, he partially depresses the trigger for firing the arma- 
ment to a detent position. This starts the prelaunch prepa- 
ration of che GAR-1B missiles, When the preparacions are 
complete, as indicated by the lurching of the aircraft as a 
result of opening of the missile bay doors, and when the 
target is centered and its wings fill the inner circle of the 
sight reticle, che pilot depresses the trigger all che way to 
fire the missiles. 


Secondary Functions 


In the foregoing description, only the major modes of 
the MG-10 system's operation were considered. The sys- 
tem, of course, has several secondary modes. It will be 
worthwhile here to consider briefly the operational aspects 
of three of these: the snake mode, the pilot-assist mode of 
AFCS, and the landing mode of AFCS. 

The snake mode, іс will be recalled, is provided to en- 
able the intercepror to follow another interceptor safely under 
conditions of poor visibility or to approach an unknown 
target slowly from the rear for purposes of identification. 
To engage the snake mode, the pilor switches the MG-10 
system to snake operation and locks the radar on the aircraft 
to be followed. He then steers to center the sceering dot on 
the scope. By flying so as to keep the range circle at rhe 
righe radius and the closing rate gap zeroed, the pilot can 
follow the other aircraft accurately and safely at any desired 
interval. (For the benefit of the aircraft ahead, the inter- 
ceptor's armament is disabled during snake operation.) 

The pilot assist mode of the automatic flight control 
subsystem is engaged whenever the pilot releases the flight 
stick, provided rhe flight control system is on and the radar 


2Two concentric circles and a dot optically projected on a com- 
bining glass mounted behind the windshield. 


is not locked on a targer. When engaged, the system holds 
the interceptor in whatever bank and pitch attitude the 
interceptor was in when the pilot released the stick. If фе 
pilot wishes, he can, by throwing a switch, cause the system 
to hold the interceptor's altitude instead of its pitch attirude. 
If the intercepror's bank angle is less chan about 5 degrees, 
the automatic flight control system will level the intercep- 
tors wings and maintain heading instead of bank attitude 
when the pilot releases the stick. 

If che automatic flight control system is switched to 
the ILS mode, it continues to perform as it did in pilot 
assist, but, once the localizer beam is intercepted, flies che in- 
rerceptor automatically on an instrument landing approach. 


. TABLE OF CHARACTERISTICS 


MODES OF OPERATIONS: 
Radar Attack (sutomatic or manual flight) 
l. Lead collision for GAR-1 or mixed GAR-1 
and GAR-1B salvos, co-altitude or differential 
altitude attack (Ѕпар-ир). 
2. Lead collision for 2.75-inch FFAR 
Optical (manual flight) 

1. Pure pursuit for GAR-1B missiles 

2. Lead pursuit for 2.75-inch FFAR 
Snake (manual non-firing) pursuit course for fol- 
lowing or slowly approaching another aircraft) 


FLIGHT CONTROL CAPABILITIES: 
Pilot assist for approach to target and return to base 
“(system automatically maintains heading or bank 
angle and the altitude or pitch attitude). 
Auromati¢ steering for radar lead-collision attacks. 
Automatic steering for landing approach (AILAS) 


COMMUNICATION CAPABILITIES: 
Automatic reception and visual presentation to the 
pilot of target position and steering instructions 
from GCI. 
RADAR CHARACTERISTICS: 
Types of Operation 
Automatic search, automatic track, ground bea- 
con, and ground map. 
"Range Capabilities 
1. Automatic search - 60,000 yards imax., with 
B$ per cent average cumülative probabiliry of 
detection. for B-47 type target at 37,000 yards. 
2. Automatic track — 30,000 yards maximum. 
3, Beacon — 200 miles maximum 
4, Ground map - 100 miles maximum 
Counter-countermeasure features ~ 
1. Tunable radar, range rate memory, and lead- 
ing or trailing edge tracking. 
SIZE and WEIGHT: 
` :Equipment-- 1703. pounds, 28.4 cubic feet 
Installation Provisions — 100 pounds 
Jatercobling — aircraft furnished 


< 


A. RADAR AND COMPUTING SUBSYSTEM 


This subsystem consists essentially of radar equipment, 
the fire control computer, and an air data computer. Basi- 
cally, the radar is an X-band pulsed-type radar. It provides 
the intercepror with the capabilities of automatic search, 
automatic tracking, and navigation by means of ground 
mapping and ground beacon interrogation. It has been de- 
signed to incorporate a tunable magnetron having a fre- 
quency range of from 8750 megacycles to 9400 megacycles 
and a peak power ourput of 250 kw. A paraboloidal re- 
flector having a nominal 23-inch diameter provides a beam- 
width of approximately 3.8 degrees at the half-power points. 
The transmitted energy is directed at the reflector from a 
rotatable feedhorn in such a manner that the center of the 
beam is offset from rhe reflector longitudinal axis by an 
angle of 1.5 degrees. In the automatic search and automatic 
track modes, conical scanning of the beam is accomplished 
by rotating the feedhorn. 

The fire control computer is an analog computer de- 
signed to solve the steering equations for the lead-collision 
and lead-pursuit courses. In the lead-collision attack course, 
ir also generates a firing signal for automatically firing the 
armament. When missiles are selected, it also generates 
three signals, which occur at certain computed times prior 
to the firing signal and which are used by the missile aux- 
Шагіев co accomplish certain prelaunch preparations on the 
missiles. 

The air data computer is a central source of aero- 
dynamic and related output signals. It receives information 
from sensors located in the disturbed airstream, corrects this 
information to approximate the free airstream condition, 
and uses the information to compute the required quantities. 


Radar Functions 


The radar and computing subsystem performs cwo 
primary radar functions — automatic searching and auto- 
matic tracking, and two secondary radar functions — the 
interrogation of radar navigational beacons, and ground 


mapping. 
Automatic Search 


When rhe radar is switched to automatic search oper- 
ation, the spin motor for the antenna feedhorn causes the 
feedhorn co rotate abour the longitudinal axis of che antenna 
at 75 revolucions per second. This rotation of the feedhorn 
causes the axis of the radar beam to rotate about the 
reflector's axis thereby producing a conical scan having a 
solid angle of approximately 6.8 degrees at the half-power 
points. A two-bar scan of the antenna is utilized. One 
complete cycle of antenna azimuth scan requirés about 
three seconds during which time a 140-degree azimuth 
angle and a 12-degree vertical angle is covered. 

Sweep voltages generated in the radar make possible a 


normal search range of 30 miles and a short search range 
of six miles. With the normal search range the pulse repe- 
tition frequency is 416 pulses per second and the pulse- 
width is 2.55 microseconds. With the short search range 
the pulse repetition frequency is 910 pulses per second and 
the pulsewidth is 0.5 microseconds. The pulses are jittered 
in time at a 400-cycle rate to prevent two targets, one at 
twice the range of rhe other, from appearing superimposed 
on the range sweep. 

Provisions have been made for eliminating ground 
clutter. If on the low elevation scan of the antenna, ground 
clutter causes "blooming" of the display which does not 
decay during the high elevation scan of che antenna due 
to the persistence of the radar scope's phosphorescent ma- 
terial, a target detected on the high elevation scan will be 
obscured in the ground clutter. When the anti-clutter feature 
is used, this ground clutter video voltage, which has dif- 
ferent electrical characteristics from the target video, is 
prevented from being coupled to the radar display. 

The antenna 15 stabilized in earth coordinates so that 
it will search the same selected area forward of the inter- 
ceptor regardless of interceptor roll and pitch maneuvers 
(within limits). 


Automatic Track 


In order to accomplish automatic tracking of the tar- 
get, the pilot first manually locks the radar on the target. 
When this is done, the target will be automatically tracked 
in range and angle. 


Lockon — If the pilot wishes го initiate automatic track 
operation, he switches to manual search operation by de- 
pressing the "action switch" on the flight stick. He then 
manually positions the antenna in azimuth and elevation 
to searchlight the target and then moves the range marker 
in range so that it is coincident with the target video. When 
rhe pilot relinquishes manual control, lockon is achieved. 
The radar and computing subsystem is now in automatic 
track operation. Thereafter, the target is tracked automat- 
ically in both range and angular direction. 


Range tracking — In automatic track operation, the range 
Bate is maintained coincident in time wirh the target 


video by circuitry contained wholly within the radar. Range 


lockon can be maintained with a high degree of success 
against chaff-dispensing targets which have an appreciable 
component of velocity along the radar line of sight. Ap- 
proximately two seconds after lockon the range-rate memory 
feature will automatically become effective. This feature sta- 
bilizes the motion of the range gate, causing ir to move at 
the same rate at which it had been moving, even when the 
target return is lost momentarily. As bundles of chaff decel- 


erate rapidly upon entering the airstream, they will have a 
lower velocity than the target. If the range-rate of the chaff 
is enough lower than the target's range-rate, the range gate 
(being unable to change its rate rapidly relative to the main 
bang) will continue tracking the target return. Against con- 
tinuously dispensed chaff, range-rate memory loses its ef- 
fectiveness. For this reason, leading or trailing edge tracking 
is provided. 

Leading or trailing edge tracking requires that the 
range gate's position be maintained coincident in time with 
the leading or trailing edge, respectively, of the target re- 
turn. If the interceptor is closing on the target off the 
target's nose, the leading edge of the target return will be 
equivalent to the сагдес5 nose. If chaff emerges from the 
tail of the carget, which on an attack off the nose will be 
equivalent to the trailing edge of the target return, the 
range gate should be positioned so that ir is coincident in 
time with the leading edge of the target return. This is 
performed automatically by the radar by placing the nose- 
tail switch on the antenna hand control in the nose posi- 
tion. By permitting the range gate to be maintained 
coincident in time with the edge of the target return 
farthest from the chaff return, the possibility of chaff 
lockon is considerably reduced. After lockon the output of 
а nose-rail computer (described in the last section of this 
chapter) automatically determines whether the range gate 
will be synchronized with the leading or trailing edge and 
che nose-tail switch has no effect. When range lockon is 
maintained, the radar supplies the Universal Computer with 
a voltage proportional to the range. 

In normal track operation the pulse repetition rate of 
the radar is 910 pulses per second, jittered. When GAR-1 
radar seeker missiles are selected as armament, the repeti- 
tion rate is switched to one of five frequencies (nominally 
2000 pulses per second, crystal-controlled) ас the second 
(the missile B signal) missile prelaunch timing signal 
generated in the Universal Computer and the polarization of 
the radar transmissions is switched from linear to elliptical 
at the third (D) signal The radar transmissions are 
switched from linear to elliptical so that maximum target 
return. will be coupled to the missile radar receiver. 


Angular Tracking — Angular tracking of che target is 
aided considerably by antenna stabilization so that if no 
aircraft maneuvers are made, the antenna will continue 
pointing in the same direction in space, unless it is driven 
by informacion resulting from radar error signals. Space 
stabilization of the antenna is effected independently of 
the radar as a result of aircraft accelerations on the rate 
gyros which are mounted on the antenna. The gyros develop 
a signal proportional to the antenna rate of turn resulting 
from interceptor maneuvers. This signal is used by the 
antenna drive motors to reposition the antenna independ- 
ently of radar error. 

If the target is not along the longitudinal axis of the 
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radar antenna, the conical scanning of the radar beam 
causes the target video to be modulated at a 75-cycles-per- 
second rate. The magnitude and phase of the modulation 
depends оп the position of the target with respect го the 
antenna axis. The modulation envelope is compared with 
a 75-cycles-per-second reference voltage and the resulting 
angular tracking error signal is coupled to the rate gyros 
(which are mounted. on the radar antenna) of che Uni- 
versal Computer. If an angular tracking error exists, the 
outputs of the rate gyros will be such that the antenna 
motors will drive the antenna in a direction so as со 
reduce this error. 

On rocket lead-collision attacks off the carget's beam, 
the angular rate of the апсеппа at lockon is about 1 mil- 
liradian per second, increasing to about 100 milliradians 
per second at firing. As the rate at which the antenna is 
driven is proportional to the angular error, and as the rate 
is large at firing, it can be seen char the angular error ас 
firing will be large. In order for the antenna to track the 
target without large tracking errors as firing is approached, 
an additional signal which increases as the angular rate 
increases is added to the radar tracking error signal to 
aid in tracking. This aided tracking signal is the computed 
angular tracking rate (described in the primary computing 
functions portion of this chapter); that is, it is the rate 
at which the antenna should be driven so that no tracking 
lag exists when the interceptor is on the correct lead-col- 
lision course. If the computed angular tracking rate is too 
small, che cracking error signal will be developed to make 
up for che difference becween the actual rate and the com- 
puted rate of the line of sight. With aided tracking the 
antenna can track at over 200 milliradians per second. 

With the radar antenna continuously positioned so as 
to be pointing at the target, the radar furnishes the com- 
puter with the range to the target, the azimuth angle of 
the antenna with respect to the interceptor’s heading, and 
the elevation angle of the antenna with respect to the 
radar boresight line. This information, and other informa- 
tion generated internally by the computer, is used by the 
computer to compute the aided tracking signal. 


Ground Map and Beacon Operation 


Means of radar navigation are provided by the ground 
map and beacon modes of operation. The characteristics 
of the radar are identical in both of these modes, except 
that in beacon operation the radar transmits on a fixed 
frequency of 9375 megacycles and receives on a fixed fre- 
quency of 9310 megacycles (the beacon reply frequency), 
while in ground map and in automatic search rhe radar 
transmits and receives on the same frequency, which is 
continuously tunable berween 8750 and 9000 megacycles 
in order to prevent interference with other radar and to 
avoid jamming. The essential difference between the two 
modes is that in ground map operation the radar echoes 
are received by the radar, while in beacon operation the 
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radar triggers the ground beacons and receives only the 
beacon replies. 

In these two modes the radar generates a sweep volt- 
age for the radar indicator, making possible an operating 
range of 200 nautical miles. Normally the radar is capable 
of detecting land masses at slant ranges somewhat in excess 
of 100 nautical miles. In beacon operation, where the tar- 
Bets are active, targets сап be detected at slant ranges out 
to at least the limit of the range sweep. In both beacon 
and ground map operation the pulse repetition rate is 330 
pulses per second, the duration of transmission being ap- 
proximately 2.55 microseconds. The conical scanning of 
the antenna which is provided for automatic searching and 
tracking is stopped, and a single bar antenna scan pattern 
is used, with the antenna normally depressed to an angle 
of three degrees with respect to the horizontal; however, 
the elevation angle of the antenna may be controlled 
within the limits of approximately 15 degrees below the 
horizontal to 35 degrees above the horizontal. Manual con- 
trol of the antenna is possible in order to searchlight a 
ground area or a beacon. An expand feature permits any 
20-mile portion of the range sweep voltage between the 
limits of five miles co 200 miles in range to be selected 
for presentation on the radar indicator. As the peak voltage 
of the 20-mile sweep voltage is the same as that of the 
200-mile sweep voltage, the 20-mile sector of the 200-mile 
sweep is eflectively expanded over the entire display. 


Primary Computing Functions 


The primary computing functions of the MG-10 Sys- 
rem are performed by the Universal Computer. This com- 
purer performs the necessary computations to enable rhe 
pilot to fly a lead-collision or lead-pursuit course on rhe 
basis of information supplied ro іс, in part, by the radar, 
or to fly a lead-pursuit course on the basis of information 
supplied by tracking the target with the deflection optical 
sight. The radar lead-pursuir (snake) mode is a non-attack 
mode. 


Radar Lead-Collision Mode 


During the radar lead-collision mode the Universal 
Computer computes the steering error. This error is dis- 
played to the pilot on the radar indicator by means. of a 
dot whose position with respect to the center of the indi- 
cator is an indication of the amount and direction of the 
steering error. The steering error signal can also be coupled 
го the automatic flight control subsystem for automatically 
steering the aircraft. In missile firing attacks the Universal 
Computer generates timing signals, which are used to pre- 
pare the Falcon missiles for launching, and a firing signal 
for automatically firing chem. In rocket firing attacks only 
the firing signal is required. 


Steering Error Computation — Before discussing the mech- 
anization of the computer to solve the lead-collision fire 


control problem on the basis of information supplied, in 
part, by the radar, it is worthwhile to analyze the problem 
on the basis of flight geometry. 

The correct jead-collision course is defined as the 
straight-line course along which the interceptor will fly 
to the firing point, and for which the projectiles will strike 
the target after traveling a distance of F yards relative to 
the interceptor. It is assumed that the interceptor and 
target velocities are constant and that the targer flies a 
straight-line course. A convenient way of getting on the 
proper course is to compute the distance, M, by which the 
Projectiles will miss the target if the interceptor continues 
on its present heading. The change in interceptor heading 
necessary to reduce M to zero is then computed, and a 
steering signal proportional to the change is supplied to 
the pilot. The interceptor is then steered to obtain a null 
in this signal. When this is done, the computed miss will 
be zero and the interceptor will be on the desired course. 

Since the direction and the magnitude of the miss 
depends upon the instant of time for which the miss is 
computed, it is necessary to specify this time. А con- 
venient choice is to specify char the miss will be computed 
for a time T seconds from the present, such that there will 
be no component of the miss along the present line of 
sight to the target. When che interceptor is on the proper 
course, T will represent the time until projectile impact 
with the гаг ес and will thus serve to determine the proper 
firing point. Thar is, if it rakes the projectiles T, seconds 
со travel Е yards relative to the interceptor, then the proper 
firing time is when T = Т. 

While the fire control problem is three dimensionat 
and a complete solution to the problem must necessarily 
be based upon а three-dimensional analysis, an insight to 
the problem can be gained by examining a two-dimensional 
case as shown in Figure 1. The equations for determining 
M and T will be derived by reference to this figure. By 
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Fig. 1. Two-dimensional geometry of the lead-collision 
attack. 
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inspection of the figure, the following equations can be 
written: 


(VFT + F) وم‎ 6 = R + УЫТ cos А , (1) 
and 

(УТ + Е) sin6 = M+ VeTsin А . (2) 
Solving equation (1) for T: 


R — F cos 0 
= Ме cos 8 — Ув со А | (3) 


Solving equation (2) for M, 
M = (Vr sin б — Va sin A) Т--Еяа6 . (4) 


In examining equations (3) and (4), it can be seen 
thar Мр and the angle A cannot be measured from the 
interceptor. However, it will be noted that these quantities 
can be used as terms which comprise quantities which 
can be measured. Thus, referring to Figure 1 again it can 
be seen that: 


R = V, cos A — Vp cos 0 ; (5) 


where R is the range rate and is negative when (һе radar 
range is decreasing, and 


Vp sin 0 — Vgsin А 
a= у ۱ )6( 


where ہیں‎ the space rate of roration of the line of sight, is 
positive in che clockwise direction. 
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Substituting (5) in (3) we obtain 


T= R = cos 8 | (7) 
which can be rewritten as: 
Rm R — £ cos . (7a) 


Tf I 


Substituting the numerator of equation (6) in equation 
(4) we obtain: 


M = Ro T + ۳5186 , (8) 
which can be rewritten as: 

M Е. 

эрэ Rua + T 888 . (84) 


Equations (7) and (84) give M and T in a form 
which can be mechanized in the computer. 

The output of the rate gyros mounted on the antenna 
is the space rate of rotation of the tracking line. Because 
of the action of the radar tracking loop, the line of sight 
and the tracking line are maintained coincident. Thus, 
wa the space rate of rotation of the line of sight, can be 
obtained from the azimuth rate gyro. As it is obtained by 
measuring the rate gyro output it will be designated as 
Wa(measurad): Thus, Rwy of equation (8а) can be written 
as Rud measured): 

When the miss has been reduced to zero, Ro, will 
be equal to —F/T sin 0. Because —F/T sin 0 is a com- 
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Fig. 2. Simplified block diagram of computer showing steering signal generation. 
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puted term, it is often expressed as Код (сотрисва). Thus, 
Rua (computed) iS defined as being equal to —F/T sin 6. 
Equation (8а), then, can be rewritten as: 


T = Rua (measured) == К од (computed) . (9) 


It is desirable to present the pilot with a steering 
signal whose deviation from a centered position is pro- 
portional to the angle-to-turn-through to get on a lead- 
collision course at that particular time. This angle, 8, is 
shown in Figure 1. It can be seen that a change in heading 
of 8 degrees will reduce the miss to zero. For small steer- 
ing errors, the approximation, 


M 


= аа) А (10) 


which relates the miss to the angular steering error, is valid. 
Equation (10) can be operated on in the following 
manner: 


= М T M 
۱ УТ-Е ДМТДЉЕЈТ 


седи) ДО) ч. өч 


tO put it into a form so that it can be readily mechanized. 


Generating the Steering Signals —The mechanization of 
the steering error computation is shown in Figure 2. The 
subtraction indicated by equation (9) is performed ar sum- 
ming point П and the result is coupled to a circuit called 
the steering amplifier, which multiplies it by a scale factor 
(K), which is a function of T. In order to produce the 
measured Ruy term (written as Rom in Figure 2), the com- 
puter multiplies the range from the radar with the wa (writ- 
ten as wm in Figure 2) from the azimuth rate gyro mounted 
on the antenna. In order го produce the computed Ro, term 
(written as Rw,), the computer must solve for the 1/T 
term and multiply it with the F term. In the lead-collision 
Course the value of F for missiles is computed in the air data 
computer, while che value of F for rockets is generated as 
a fixed voltage by the fire control computer. One of these 
values of F is coupled to a closed-loop servo, which com- 
putes the 1/T term in accordance with equation (7a.) This 
Servo operates in a manner such that when the value of 1 /T 
with which R and F in equation (7a) are multiplied is such 
that both sides of equation (7a) have the same value thar 
value of 1/T is the correct value for the particular instant 
of the attack. The term F/T is, of course, multiplied by the 
term cos @ before it is combined with R/T and compared 
with —R. F/T is multiplied by cos 6 by coupling F/T to 
the azimuth resolver mounted on the radar antenna. One 
output of this resolver, then, is F/T cos 6 and the other out- 
put is F/T sin 6. When the value of F /T cos @ is such that 


I/T has the correct value, then F/T sin @ is equal to the 
computed Rwy. The range rate (R) is derived by differen- 
tiating the range voltage supplied by the radar. 

In a manner similar to the above it can be shown that 
for the two-dimensional lead-collision case the elevation 
steering error can be determined by taking the difference 
between the measured and computed Rwe (where we is the 
elevation rate of the tracking line) and multiplying this 
result by a scale factor which is a function of T. In this case 
the computed Rus is equal to F/T cos 0 sin e and the F/T 
is coupled to the elevation resolver mounted on the antenna 
to produce this term and F/T cos 6 cos «. The latter is used 
in place of F/T cos @ in the equation which is used in com- 
puting 1/T. Of course, in the elevation case all terms in this 
equation are those for only the elevation plane. 

In the three-dimensional problem the azimuth and ele- 
vation steering errors are determined in the same manner 
as for the two-dimensional case, that is, the computed Коз 
are subtracted from the measured Ro's to produce M/T and 
this function is multiplied by che scale factor Т/ (У,Т--Е). 
However, in this case the computed Ко are modified by 
the fact that the attack is being flown in three-dimensional 
space, thereby requiring that the effect of the azimuth and 
elevation angles be taken into account simultaneously. In 
addition, the effect of roll on armament drop must be con- 
sidered with respect to both vertical and horizontal planes, 
and the effect of armament jump angle, which is computed 
in the air data computer (see the secondary computing func- 
tions portion of this chapter), on the elevation error signal 
must also be considered. 


Smoothing and Quick Indication — The radar angular 
tracking error voltage, which is coupled to the rate gyro 
inputs to maintain coincidence between the line of sight 
and the tracking line contains scintillation noise. This noise 
appears on the measured angular rate signals at che output 
of the rate gyros. If these noisy rate signals were allowed 
to be summed with the Roag;computea) term, the input to the 
steering amplifier would be noisy and this in turn would 
be reflected in the movement of the steering dot. The 
result would be that an unflyable steering signal would be 
presented to the pilot. 

One method of removing this noise from the gyro out- 
pur is to pass the signals chrough a smoothing filter be- 
fore it is coupled to the summing point. Unfortunately, in 
smoothing the noisy signal, a lag inherent in the filter is 
introduced. Thus, when the pilor maneuvered the inter- 
ceptor in order to zero the steering error, a small period of 
time would pass before a movement of the steering dot 
became apparent. This would cause the pilot со over- 
maneuver and an oscillation of the steering dot would occur. 

To overcome this lag, another signal can be added to 
the noisy rate signal at the input to the smoothing filter as 
is shown in Figure 3. Resolving the gyro output into two 
parts, a noise-free term proportional to the angular rate 
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Fig. 3. Simplified computer functional block diagram showing smoothing and quick indication. 


signal, and a term which represents the noise superimposed 
on the noiseless rate signal, їс can be shown mathematically 


that if the time derivative of the noise-free term is added 


to the gyro output, the lag will be eliminated. It remains, 
then, to determine how the gyro output can be modified so 
thac its time derivative can be mechanized easily and in a 
noise-free manner. It eurns out that if the e(messurea) term is 
multiplied by R?, the time derivative of the product will be 
Ran, where а, is the acceleration normal to the interceptor's 
heading. The term a, can be roll resolved into two compo- 
nents — one perpendicular to the plane of the wings, the 
other parallel to the plane of the wings. For conditions of 
coordinated flight, the lift acceleration is normal to the plane 
of the wings. Thus, the component of an, perpendicular to 
the plane of the wings, is the algebraic sum of the lift 
acceleration, L, and the component of the acceleration of 
gravity, g, perpendicular to the plane of the wings. The 
component of am, parallel то the plane of wings, is equal 
го the component of g, parallel to the wings. As g has a 
value of 1, its components сап be generated by roll resolv- 
ing a fixed voltage. L can be obtained as a noise-free term 
from the lift accelerometer. Each of these components of 
a, (multiplied by R) can then be coupled to the summing 
point ar the input to either the azimuth or elevation smooth- 
ing filter, thereby quickening the response of the steering 
dot ro interceptor maneuvers. These components of Ra, ate 
called quick-indication terms. 

During interceptor roll, the azimuth and elevation rate 
component: of the rate of the tracking line will change, bur 
the vector space rate of the tracking line, of course, will 
remain essentially unchanged. As a result, the output of one 
rate gyro will be reduced and the output of the other will 
be increased by a proportional amount. These changes in 
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gyro output will occur at a rate which is proportional to 
the roll rate of the tracking line. Because of the effect of 
the smoothing filter upon fast varying voltages, there would 
be an undesirable lag at the output of the smoothing filters 
to the change of voltage at the input, if additional quick 
indication were not provided. Since the amount of lag will 
depend upon the rate of change of che input voltage, and, 
as this rate is a function of roll rate of the tracking line, the 
amount of quick indication should also be a function of 
this roll rate. Roll rate of the tracking line, ог, can be ob- 
tained from a thitd rate gyro (called the roll-rate gyro) 
mounted on the antenna. Because of the cross-coupling of 
the change in one channel to the other channel, the quick 
indication requires that the output of each smoothing net- 
work be multiplied by w, (see Figure 4) and used as the 
quick indication term in the other channel This is often 
referred to as cross-roll quick indication. 


Generating tbe Timing and Firing Signals — In addition 
to furnishing the pilot and the automatic flight control 
subsystem with smoothed and quick-indicated steering 
signals in the lead-collision mode, this subsystem also pro- 
vides the missile preparation and firing signals, and the 
rocket firing signal. 

In a preceding section ic was seen that if the F used in 
the steering equation is a fixed distance and if che target 
does not maneuver, the interceptor will fly a straight line 
course providing the steering error is held to zero. In the 
case of rockets it is possible to select one value of F (nomi- 
nally 500 yards), which will optimize the probability of hit 
and still provide safety from collision for all attack situa- 
tions. Missiles, on the other hand, must travel considerably 
farther (nominally 5000 yards) relative to che interceptor; 
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at the end of the boost, when guidance takes Over, there 
may be an error, which must be zeroed out; It requires a 
certain amount of time for the missile to correct ош these 
errors, at low altitudes where the air is dense, the missile 
responds more rapidly to control signals and requires less 
time to get on course, than at high altitudes, Thus, the 
missile F, although fixed for any one altitude, will be shorter 
for low altitudes than for high altinides. The missile Е is 
mechanized as a function of pa (air density Х speed of 
sound), which is a measure of altitude, in the air data com- 
puter and coupled to the fire control computer. Steering is 
predicated on the fact that if the projectiles are released 
when the distance they will actually travel relative to the 
interceptor is equal to the fixed distance, a hit will result. 
It now remains to be determined at what time the projectiles 
should be released. 

As rocket impact will occur prior to burnout, the rock- 
ets will be accelerated during their total time of flight. Thus, 
the distance they travel can be compured as F — 1 /2aTyg^, 
where a is their acceleration and Tp is their cime of flight. 
As this F (ballistic F) is a function of the time of flight, 
іс is usually written as F(T) to distinguish it from the 
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fixed F. Rocket acceleration will vary with air density and 
propellant temperature and can be mechanized by causing 
a fixed voltage to be varied in accordance with the magni- 
tude of these parameters. Ty can be mechanized by using 
the same T (thar is, the time from the present until pro- 
jectile impact) as used in the steering equations. Thus, as 
the time to go decreases, F (Tr) will decrease until, when 
it becomes equal to the fixed F, firing will occur. Ас firing, 
T will equal Те. In the actual mechanization, a is multiplied 
by T to produce Е (Те) /T, that is, the average rocket veloc- 
ity. This is done to simplify the mechanization. This term 
is compared (see Figure 5) in a coincidence circuit with 
the F/T of the steering equations and when they are equal, 
a relay will close, coupling a voltage (called the E or firing 
signal) to the intervalometer, the door opening mechanism, 
and the radar indicator. A pull-out signal (an X) will 
appear on the indicator, the doors will be opened, the 
intervalometer timing will be started, and the rockets will 
be fired. 

In order to permit the pilot to concentrate on eleva- 
tion steering, which is more critical than azimuth steering, 
provisions have been made to vary the time of rocket firing 
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Fig. 4. Simplified computer functional block diagram showing cross-roll quick indication. 
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Fig. 5. Simplified computer functional block diagram showing rocket firing signal generation for radar lead-collision 
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Fig. 6. Simplified functional block diagram of missile ballistic circuitry. 
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to either before or after the time when Т: Tr. This із 
done (see Figure 5) by coupling a portion, B(8), of the 
output, 6, of the azimuth steering error channel co the 
proper side of the coincidence circuit and adding it to 
the voltage on that side. The signal from the azimuth steer- 
ing amplifier is called the release time correction signal. 
As missile impact occurs after burnout, the missile 
F(T) cannot be mechanized in the same manner as the 
rocket Е(Ть). The mechanization of the missile F(T») 
assumes that the missile acceleration is constant prior to 
burnout and thar the missile velocity is constant from burn- 
out to impact. As both the missile acceleration and velocity 
are functions of propellant temperature and altitude, the 
mechanization must include pa and ргореПапс temperature. 
As in the case of rockets, F( Tr) /T, the average mis- 
sile velocity from firing to impact, is produced rather than 
F(Tr). ЕСТЬ) /Т is produced in accordance with the re- 
lationship F(Tp)/T == У. — У, (в/2 + Т,) /Т, where 
У, = burnout velocity, г, = boost time, and T, = advance 
time. As can be seen from Figure 6, V, (multiplied by a 
scale factor) is computed as a function of pa and propellant 
temperature. V, is then coupled to one side of che secondary 
of a transformer and to an electrical network comprised of 
resistors, which are selected by means of a stepping relay, 
and a potentiometer, whose wiper is positioned in accordance 


with Tam, The output of this network V, (72 + Ta) /T 


is then coupled to the other side of the secondary of the 
transformer. F(T») /T appears at the primary of che crans- 
former and is coupled to one side of a coincidence circuit. 
F/T from the air data computer is coupled to the other side 
of the coincidence circuit through a transformer. Each time 
the two voltages at the input to the coincidence circuit be- 
come equal, the coincidence circuit will become activated 
and cause the stepping relay to step in succession from A 
to E. First coincidence will normally occur approximately 
40 seconds in advance of the time that Е(Тр)/Т = E/T. 
Second and third coincidences will normally occur at ap- 
proximately 15 seconds and 2.6 seconds, respectively, in 
advance of the time when Е(Т,)/Т = F/T. When 
Е(Ть)/Т = F/T, the relay will step from D to E. These 
signals (known respectively as the A, B, and D signals) are 
used by the missile auxiliaries to begin certain missile pre- 
launch preparations. The coincidences will occur at the spec- 
ified times prior to che F( T+) /T = F/T condition only if 
lockon has occurred prior to 40 seconds before the E signal 
is delivered and if the rarget does not maneuver. If these 
criteria are not met, time expansion or time compression 
(discussed in the missile preparation program section of 
rhe missile auxiliary subsystem chapter) will occur and the 
advance signals will be varied accordingly. On the last 
coincidence the relay closure will cause a signal (the E 
signal) to be coupled to the intervalometer to initiate the 
missile-firing procedure. A pull-out signal will be coupled 
to the radar indicator approximately three seconds after che 


E signal. ( The first missile of a salvo will be launched a few 
tenths of a second after the E signal.) If, for some reason, 
the attack must be aborted, the abort or pull-our warning 
signal will be coupled to the radar indicator from the arma- 
ment control circuitry. 

When rockets are used as armament, the computer will 
supply the radar indicator with a pull-out warning signal, 
if for some reason che rockets are not fired when the proper 
Point in space is reached. This will occur when the range 
diminishes to 200 yards. When missiles are used, pull-out 
warning will occur at 1000 yards. 


Optical Lead-Pursuit Mode 


As in the lead-collision mode, inputs required by the 
computer during the optical lead-pursuit mode are range, 
range rate, and space rate of the tracking line informa- 
don. However, because no provision has been made for 
the radar to be орегагіуе during the optical lead-pursuit 
mode, this information must be supplied by other means. 
In the MG-10 system, range and range rate are furnished 
to the computer as fixed voltages, their magnitude being 
dependent upon the type of target being attacked. These 
voltages are selected by means of the rarget selector switch 
on the optical sighthead (described in the Cockpit subsystem 
chapter). The range supplied is that which will occur at 
firing. Interceptor speed advantage is supplied rather than 
range rate, but at firing, speed advantage and range rate are 
equal. When the radar is operative, the target is tracked 
automatically. In the optical lead-pursuit mode the pilot 
performs the tracking by flying the interceptor so as to keep 
rhe anrenna (and hence the optical sight reticle, which is 
slaved to the antenna) pointing at the target. The output 
of the rate gyros will then be equal to the space rate of 
the tracking line. 

If the information supplied to the computer during 
the lead-pursuit mode is correct at all times the lead angle 
will be correct and the interceptor will be on a true lead- 
pursuit course, that is, it will be continually in firing 
position. However, rhe information actually supplied the 
computer during the lead-pursuit mode will be correct only 
at firing (and then only approximately correct). Hence, the 
lead angle will be too small before firing and too large after 
firing. As a result, the course flown by the interceptor will 
differ from a lead-pursuit course. However, at some point 
the courses will intersece and at this point, the lead angle 
will be correct. The pilot knows when the lead angle is cor- 
rect when the target's wings fill the reticle. In the MG-10 
System provisions have been made for only rockets to be 
fired in che optical lead-pursuit mode. 


Computation of the Lead Angle — At any instant of time 
the geometrical relations of the lead-pursuit attack are 
identical with those of the lead-collision attack, see Figure 
l. It will be noted that in the lead-pursuic attack, Е is the 
distance the armament travels relative to the interceptor 
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Fig. 7. Mechanization of the computer in the optical lead-pursuit mode to determine Ко. 


during the projectile time of flight, while in the lead-col- 
lision attack F is a fixed distance. In the lead-collision 
attack, it will be recalled, if the projectiles are fired when 
their time of flighe equals the time from the present until 
che miss parallel to the present range со the target is zero, 
rhe miss will be M. In the lead-pursuit attack, if the pro- 
jectiles are fired now (when the miss parallel to che range 
is zero) and their cime of flight is equal to the computed 
time of flight, the miss will be M. In order to differentiate 
between the lead-cc "sion. and lead-pursuit F's, the lead- 
pursuit F is written as Е(Тр) го show that F is a func- 
tion of Ту. 

Asin the lead-collision case (equations (7) and (8) 7 
the following relations can be evolved: 


„К- Е (Тр) cos 6 


— 


Tr (12) 


M = RuaTr + F(Tr) sin @ (13) 


By applying the same reasoning with respect to the 
miss to equation (13) as was done in the lead-collision 
case, the following can be written: 


M 
Код теазчтед) -- Кају (computeu) === Ta (14) 
F 


As can be seen from equation (14), when Коатеввотей! 
and Reaccompureay are equal, the miss will be zero. It will be 
noted thar these equations have the same form as in the 
lead-collision fire control problem. 

In the optical lead-pursuit mode it is not possible to de- 
termine whether or not the lead angle is correct due to the 
absence or presence of a steering error, as could be done in 


the radar lead-collision mode. If it were possible, the reticle 
would be positioned to the same angle as the antenna plus 
the amount of the angular steering error. Because of the lack 
of a radar error signal, it is not possible to compute the 
angular steering error. However, іг is possible to derermine 
indirectly whether or not there is a steering error although 
it cannot be determined as an angle-off-course. This is done 
by performing the subtraction indicated by equation (14). 
As in the lead-collision case, Re measured) 15 a measure of 
the actual space rate of the antenna and is obtained di- 
гессіу as an outpüt of the rate gyro. The determination of 
Ruqceamput ea; for the two-dimensional lead-pursuit case is 
based on rhe solution of a relation which has the same form 
as equation (7a), that IS: 


ш ы бей (15)‏ کہہے وت 


In the rocker lead-collision mode the ballistic Е (іе, 
Е(Ть) |, which 15 the same as the Е(Тр) of equation 
(15) is computed as a function of air density, temperature 
and T. In turn T is computed in accordance with equa- 
tion (7a), which has che same form as equation (15). In 
equation (7a), F isa fixed value; the other terms are avail- 
able as measured quantities, and T is the only unknown. 
Thus, T is computed separately and used to compute the 
ballistic Е (i.e, Е(Тғ) |. In examining equation (15) (the 
mechanization of which is shown in Figure 7) it will be 
noted that T is not the only unknown, Е(Т») being the 
other. Hence, rhe 1/Тъ term is used to compute simul- 
taneously both. F(Tr) (for it is a function of Tp) and 
Е(Ть)/Ту. The Е(Ть)/Ть term is then coupled to a 0 
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resolver which forms part of a closed loop servo, multiplied 
by cos 6 and used in the closed loop servo to compute 1/T; 
in accordance with equation (15). The other output of this 


resolver, (F( Te) /T) sin 6, is then equal to Ruaccomputed) 


as in the lead-collision case. 

In the lead-pursuit mode, the range rate is ser in the 
computer to solve for 1/Ть as one of four fixed voltages, 
the selection of which depends upon the speed advantage 
of the intercepror. This speed advantage, of course, is equal 
to the range rate only when the interceptor is flying directly 
behind the target and if both aircraft are flying at velocities 
such that the estimated speed advantage is correct. Because 
the speed advantage approaches the range rate as the attack 
progresses, becoming nearly equal to the range rate at the 
fring point, ir is an accurate enough approximation for the 
computation of the lead angle which is required to be 
correct only at firing. 

The range voltage set into the computer (to solve for 
1/Ть) is the sum of two voltages — one being a fixed 
voltage equal to the potential equivalent of the reticle range, 
the other being proportional ro the interceptor speed advan- 
tage. Thus, the computer range voltage depends upon the 
setting of the carget selector switch on the optical sight- 
head but remains constant throughout any one attack, 

The mechanization of the computer for the fixed range 
optical mode requires that the attack be conducted in two 
phases. In che first phase in the two-dimensional case, che 
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inputs to the rate gyros consist of the computed w (which, 
as in the lead-collision case, is called the aided tracking 
signal) and the output of the steering amplifier. (See Fig- 
ure 8.) The input to the steering amplifier consists of the 
Rejeompureny term. This term is amplified by a constant, di- 
vided by Тр, and the result summed with the aided tracking 
signal before being coupled to the rate gyro. By dividing 
Recompureay by Те, the output of the steering amplifier is 
made dependent only upon the magnitude of the lead angle 
6, increasing as 6 increases. This can be seen by substituting 
a value of Е(Тр) = 1/2 а Ту? (for rockets) in the expres- 
E r) sin 6. The а voltage 
(ie. 1/2 a sin 0) at the input to the steering amplifier will 
always be of such a polarity in Phase 1 that the output of 
the steering amplifier will tend to precess the antenna in a 
direction so as to reduce the input and hence 6 to approxi- 
mately zero. The aided tracking signal input to the rate 
Byro, which is a lower amplitude signal than the steering 
amplifier output, reduces the amount of steering amplifier 
output that is needed to move the antenna at a given rate. 
Thus, in Phase I of the fixed range mode, where the com- 
puter is caged, che inputs to the rate gyro will act to over- 
come the effect of the antenna stabilization loop. It can be 
shown that in the three-dimensional case where the jump, 
drop, and roll angle terms are taken into account, the angle 
to which che antenna is finally precessed is the ballistic 
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Fig. 8. Simplified functional block diagram showing mechanization of the computer for the optical mode. 
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lead angle. With the ancenna (and hence the optical sight 
reticle) pointing approximately dead ahead, the pilot flies 
the interceptor to keep the reticle on target. The output of 
the дуго | ишеавигеа) | will then be equal to the turning 
rate of the interceptor. It is necessary that a rate be allowed 
to build up in the system so that when Phase П is entered, 
the antenna will be precessed to the proper lead angle. In 
the radar lead-collision mode, the rate of the tracking line 
was measured entirely by the radar tracking loop. In the 
optical mode, this rate is the result of interceptor maneuvers. 
If, after Phase II were entered, the pilot flew the interceptor 
without turning, the rate of the tracking line would de- 
crease to zero and the antenna would again be precessed 
to the ballistic-lead angle. 

In beginning Phase II of the attack, the pilot uncages 
the computer. This action causes the outputs of the rare 
gyros co be coupled to the summing point ac the input to 
the steering amplifiers through the smoothing filters in the 
same manner as in. the lead-collision case. During Phase 
II, chen, the output of the azimuth steering amplifier. is 
proportional to the difference between Roaimessureay and 
Коста .روم‎ If these two voltages are nor equal, an error 
signal will appear at the input to the steering amplifier. The 
output of che steering amplifier is summed with che aided 
tracking signal at the inpur to the rate gyro. The resultant 
signal causes the antenna to precess in a direction so that 0 
will assume a value thar will cause Reutcampuiea) to become 
nearly equal to Ruaimeasureas- AS the steering amplifier is a 
high gain circuit, the error signal will be very small. The 
aided cracking signal is used co reduce further the error 
signal which must be sustained at the рис со the steering 
amplifier in order to precess the antenna. 

In the optical mode, ic should be noted, the output of 
the rate gyro is the measured rate of the tracking line but 
not necessarily che measured rate of the line of sight as is 
required by equation (14). These two rates will be equal 
only when the pilor steers. che interceptor so as to keep the 
reticle on rhe гаг ес When the reticle is kept on target 
then, the conditions required to make the right-hand side 
of equation (14) equal to zero will have been realized and 
the lead angle will be correct. Thus, the pilot performs the 
dual functions of tracking the target and generating the 
correct lead angle by turning the interceptor at a rate 50 
that the cracking line and the line of sight have the. same 
turning race. 


Smoothing and Quick Indication — At che instant of un- 
caging, the input to che smoothing network will be a step 
of voltage. If this step of volrage appeared at the output 
of the smoothing nerwork, che antenna would be precessed 
to some lead angle аг a rate faster than the interceptor 
could rurn and the reticle could not be kept on the target. 
However, there is some lag in che network even with quick 
indication and the voltage at its output builds up smoothly, 
thereby permitting the pilot, under normal conditions, co 


20 


keep the reticle on rarget during the initial portion of 
Phase II. If the reticle were kept on target during Phase I 
and if the pilot did not increase his turning rate after 
Phase II were initiated, the reticle would position itself to 
a lead angle which was correct for the rate of the line of 
sight during Phase I. 

The smoothing and quick indication fearures of this 
system are needed not only for proper response of the 
optical sight at the beginning of Phase II but also chrough- 
out Phase II. Without these features, if the reticle begins 
to move off target and the pilot changes the turning rate 
of the interceptor to bring ir back on target, the only term 
which would be changed so that the target could be re- 
acquired would be 0. Because of the finite period of time 
required for the interceptor to turn in order to change 6, 
there would be a lag in the reticle movement. As the pilot 
continues to turn го change @ by an even greater amount, 
the change in @ would soon build up to an amount that 
would cause the reticle co overshoot the target. The pilot 
would then change his turning rate in che opposite direc- 
tion and the situation would be repeated. As a result, the 
reticle would oscillate about the target and an unstable con- 
dition would result. Because the quick indication term, be- 
ing derived from aircraft accelerations, is essentially a rate 
term its effect will be evident before the effect of a change 
in lead angle. Thus, as che interceptor maneuvers, the out- 
put of the smoothing filter and, therefore, the direction of 
the antenna in space will be changed almost immediately. 

Quick indication will nor entirely overcome the effect 
of antenna stabilization, so as the interceptor turning rate is, 
for example, increased to bring the reticle on target, the 
antenna will not immediately turn with the intercepror and 
the lead angle will increase. The increase in lead angle will 
be reflected by a proportional increase in the aided tracking 
signal and Колссотртев) both. of which are functions of the 
lead angle. As a result, che ourput of che rare gyro will 
assume a value which is equal co the actual rate of the track- 
ing line plus an amount which is proportional to the increase 
in the computed rare of the tracking line. If the latter por- 
tion of the rate gyro output appeared at the summing point 
at the. input to the steering amplifier, che lead angle would 
tend со increase in order to reduce the input of the steering 
amplifier to zero. If the lead angle increased, the sume un- 
stable condition as described in the above paragraph would 
result. As the lead angle increases rapidly in comparison to 
changes of the actual rate of the line of sight, by smoothing 
the gyro output only the undesired portion due to the in- 
crease in lead angle will be smoorhed and the desired por- 
tion will be relatively unaltered. 

In attempting to give a physical description of the 
action of the smoothing and quick indication features in 
the optical mode, each has been considered as performing 
its function independently. Actually, a more rigorous mathe- 
matical treatment would show that together both operate 
on the voltage representing the rate of the cracking line 
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to produce a voltage equal ro the rare of the line of sight 
plus a voltage proportional to the tracking error rate (the 
difference between the rate of the line of sight and the rate 
of the tracking line). As this latter term has the character 
of noise, it is reduced by the smoothing action of the filter. 
Thus, even with a tracking error, the output of «ће filter 
is very nearly equal to the rate of the line of sight. Any 
aircraft maneuver made to bring the reticle on target can 
then be interpreted as changing the tracking error rate. 
Due to the action of the smoothing filter on this term, there 
will be little change in the voltage at the output of the 
filter. The reticle will then almost immediately turn with 
the interceptor so that it can then be brought on target. 


Snake Mode 


The snake mode is a non-attack mode in which the 
computer configuration is nearly identical to that described 
in the previous section for the rocket lead-pursuic mode. 
In the snake mode, the rarget is tracked in range and bear- 
ing, the computer being furnished with the necessary radar 
information ro develop steering signals for presentation on 
the radar indicator. Steering signals are not coupled to the 
automatic flight control subsystem in this mode as can be 
done in the radar lead-collision mode. If the pilot flies the 
interceptor so as to keep the steering dor on the radar 
indicator centered, the interceptor will be directed along 
a lead-pursuit course. After a short time, the interceptor 
will be directly off the tail of the target, remaining in this 
position as long as the steering dot is kept centered. The 
"target" in this mode is, of course, another interceptor of 
the same group. Ordinarily, this mode will be used when 
visual contact among interceptors of a squadron is impos- 
sible due to poor visibility. 


Secondary Computing Functions 


The secondary computing functions of the radar and 
computing subsystem are performed by the air data com- 
puter and the пове-гай computer. The air data computer is 
used to compute various aerodynamic quantities required 
by che MG-10 system and to compute the missile F. The 
nose-cail computer is used со determine which hemisphere 
of the target the radar beam is in and to initiate auto- 
matically leading or trailing edge tracking of the target 
echo, accordingly. 


Air Data Computations 


The air data computer is the central source of com- 
pured air data for che entire MG-10 system. Four basic 
indicated quantities are picked up by sensors in the air- 
stream. Eight different output quantities are determined 
from the indicated quantities by six loop servo analogue 
computers. (Two of the loop servos compute different 
quantities for missiles and rocket attacks.) The input quan- 
tities are affected by local airflow and must be corrected 
to give the true values, that is, the values іп the undisturbed 


airstream. These corrections have been found to be func- 
tions of Mach number only. 

The four basic input quantities are: static and total 
pressure, .stagnation temperature, and angle of attack. 
Static and total (ram) pressure are picked up by the pitor- 
static tube at the end of the nose boom. The stagnation 
temperature (the temperature of air whose motion has been 
arrested) is measured by a temperature probe mounted 
flush with the fuselage. Angle of attack is measured by the 
angular displacement from the aircraft reference line of 
an airfoil which aligns itself with che relative wind. The 
airfoil is mounted in the air stream near the nose of the 
F-102A. 

The eight computed quantities are: Mach number, 
true air speed, dynamic pressure, true ahgle of attack, air 
density or missile F, and jump angle for rockets or missiles. 
These required air data are calculated by six positioners with 
amplifiers which constitute loop servo analogue computers. 
Mach number is computed as a function of indicated static 
pressure and indicated differential pressure (total — static 
pressure), and is used by close-loop servos to correct the 
input quantities. Mach number also is used by other 
positioners in their computations. 

True airspeed is equal to Mach times the speed of 
sound. Since the speed of sound is proportional to the 
square roor of ambient temperature, and ambient tempera- 
ture is the stagnation temperature times a function of 
Mach, true airspeed may be computed from the stagnation 
remperature and Mach number. 

Dynamic pressure (also called impact or velocity pres. 
sure) is equal to one-half air density times rhe airspeed 
squared. Dynamic pressure is closely related to the force 
per unit area acting on a body extending into the air- 
stream. It can, therefore, be used as a measure of control 
surface effectiveness. Dynamic pressure is computed as a 
function of indicated static pressure and Mach number. 

The true angle of attack is computed by a positioner 
from the indicated angle of attack. A correction based on 
Mach number is applied. 

The remaining cwo loop servos are jointly used to 
compute different quantities depending upon whether the 
attack 15 to use rockets or missiles. One positioner com- 
putes air density for rocket attacks only. Air density is com- 
puted from rhe indicated pressure and temperature which 
are Corrected as a function of Mach number. For missile 
attacks the same positioner computes the missile F — that 
is, relative run of the missile. (The need for an F com- 
putation is discussed in the next portion of this section.) 
The missile F is a function of air density times the velocity 
of sound. Missile F is obtained by computing air density 
times the velocity of sound and positioning the wiper of 
a potentiometer, accordingly. 

Jump angle (that is, the difference in the final direc- 
tion of che armament and the direction of the launching 
device) is a function of angle of attack, true airspeed, and 
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velocity of the armament. A different jump angle is, there- 
fore, computed for rockets and missiles. The same servo 
loop is used for both computations. Relays make the 
necessary alterations for che dual operations. 


The Missile F Computation 


As was shown in the discussion of the primary com- 
puting functions, the interceptors armament 15 launched 
at a certain point in space and travels a certain distance, F, 
relative to the interceptor during its time of flight. This 
distance, F, appears in the steering equations as one of the 
known parameters. In the case of rockets, which are non- 
maneuvering aerodynamic bodies, it is possible to determine 
through rests one value of F which will optimize the prob- 
ability of hit and still provide safety from collision. This F 
is then set into the computer as a fixed value. As Falcon 
missiles are maneuvering aerodynamic bodies, it is noc pos- 
sible to use a fixed value of F. Thus, a value of F must be 
computed which will optimize che probability of hit. 

The probability of hir varies with the missile rime of 
flight in a manner shown in Figure 9. The optimum time 
of flight, Tr, (and hence the optimum F, which is 
equivalent to it), is that which maximizes. the probability 
of hit, Py, and is shown in Figure 9 as a dashed line. 
The two vertical solid lines show the limits within which 
T, can vary without excessive degradation of the prob- 
ability of hir. Considering rhe relationship between Р | and 
Ty over a range of values of the product, ра, where р == air 
density and a — speed of sound, it can be shown that if 
pa decreases (thar is, i£ altitude increases) the curve must 
be shifted to the right. Thus, in order to prevent the prob- 
ability of hit from decreasing as the altitude increases, the 
time of flight (and hence, F) must increase. Ir is necessary 
that Е increase with altitude because the missile's total 
time constant must be increased with altitude and, there- 
fore, with che increase in its time constant the missile 
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Fig. 9. Variation of missile probability of hit (P,) as а 
function of missile time of flight (T p). 
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Fig. 10. Required variation of missile F as a function of ра. 


requires more range in which to cancel out launching 
errors. Ir is permissible for Е co increase with altitude be- 
cause the drag decreases with altitude and the missile can 
fly a greater distance before its speed is reduced to a point 
where the probability of hit is degraded excessively. The 
missiles total time constant must be increased as altitude 
increases because the effects on the over-all feedback loop 
of system noise, targec scintillation, and radome error 
derivative are magnified at higher altitudes. 

The manner in which F varies with pa is shown in 
Figure 10. 


As can be seen from this curve, F varies from a mini- 
mum value of 3500 feet ar = = 0.357 (pa == 2.8 which is 
equivalent to an altirude slightly lower than sea level) to a 
maximum value of 16,000 feer at E — 5.6 (ра = 0.18) 


which is equivalent to an altirude of approximately 55,000 
feet. Е is limited to 16,000 feet because if larger values of 
F were used in the fire control equations, che distance the 
missile would travel would be such thar its terminal veloc- 
ity would be coo low. In addition, if it were launched at 
a distance from the bomber such that its relative travel 
would be greater chan 16,000 feet, the target return might 
be so small as to be lost in che missile receiver noise. 


The Nose-Tail Computation 


In the discussion of radar functions, it was pointed out 
that one method of preventing loss of lockon with chaff- 
dispensing targets is to position thc range gate so that 
it is coincident in time with either trailing edge or leading 
edge of the target return, depending on whether the first 
radar return is from the tail or nose of the target. Leading 


or trailing edge pulse sychronization is placed in operation 
either automatically (after lockon) through the action of 
the nose-tai! computer or manually (before lockon) when 
the pilot actuates che nose-tail switch on the flight stick. 
The purpose of the nose-rail computer, then, is to determine 
whether the pulses of radar energy are striking the nose 
or tail of the сагдес first and to send a signal to the radar 
to initiate either leading or trailing edge pulse syn- 
chronization. 
A typical attack situation is illustrated in Figure 11. 
If the target, whose velocity is Уп, is flying so that it makes 
an angle A, with the radar range vector, R, the first return 
will be from the гагдег tail. If the angle is A, the first 
return will be from che target's nose. Thus, if the angle A 
is less than 90 degrees a tail condition is indicated and if 
angle A is greater than 90 degrees a nose condition is in- 
dicared. It is not possible, however, to determine the size 
of this angle directly. 
From Figure il the following relationship can be 
written: | 
| R = У, cos А -- Мр cos 8 (16) 
where R, the range rate, is negative when the range is 
decreasing and A is the angle berween the radar range 
vector and rhe гагрегѕ velocity vecror measured as shown 
in Figure 11, 
Equation (16) can be rewritten as follows: 
Vn cos A == R + У, cos 6 (17) 
For a tail condition Ун cos A will be positive while 
for a nose condition V, cos A will be negative, As Vn cos A 
cannot be measured directly in che interceptor while each of 
rhe three terms on the righr side of equation (17) can be 
measured in the interceptor, the operation indicated on the 
right side of equation (17) is performed to determine the 
sign of Vy, cos А. 


Fig. 11. Nose-tail at- 
fack determination. 


In the mechanization, R is supplied by che radar, cos 
@ 1s furnished by the azimuth resolver, and Vy (true air- 
speed) is coupled from che air data computer. A voltage 
proportional to cos @ is applied to the ungrounded end of a 
potentiometer network, while the position of the poten- 
tiometer wiper is determined by .م۷‎ The voltage at the 
potentiometer wiper is then Vp cos 6. This voltage is 
summed with a voltage proportional to Rata summing 
point and the polarity of the resulting voltage is ап indica- 
tion of whether the interceptor is on a nose or tail attack. 
If on a nose attack, a relay is activated by means of a 
coincidence circuit and a signal is delivered to the radar 
subsystem to initiate leading edge pulse sychronization. 


APPENDIX | 


MAGNETRON TUNING 


The use of a tünable magnetron in the system mini- 
mizes the effectiveness of enemy jamming, prevents inter- 
ference among interceptors operating in radar search 
and/or in missile attack, and prevents the triggering 
of ground navigational beacons when the system is in 
ground map operation. As can be seen from Figure 12, 
the magnetron tuning range is divided into three bands; 
search, missile attack, and identification. Limit switches 
are incorporated in the tuning motor to provide the desired 
operation of rhe magnetron. 

During radar search the magnetron will transmit at a 


frequency in the search band.' If the "Anti-jam" button is 
pressed and held, the magnetron will tune to the high 
limit switch. Upon reaching this switch, it will begin cun- 
ing down in frequency until the low-limit switch is reached 
and then begin tuning up in frequency—continuing the 
cycle as long as the button is depressed. About seven sec- 
onds are required to tune through the search band. 


!Efforts are now under way to extend the lower end of the 
search band down to 8500 megacycles and the upper end to 9250 
megacycles. The upper limit of the search band will then be above 
the highest missile frequency. 
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At a certain time after lockon, the magnetron will 
automatically begin tuning from the search band to the 
desired missile attack frequency. If the magnetron fails to 
stop tuning when the desired frequency (any one of six) 
is reached, its frequency will continue to increase until 
the tuning motor stops upon hitting the missile high-limit 
switch. It will continue transmitting at this frequency until 
the system is rerurned to the search mode or until the 
missile preparation program is permitted to repeat. In the 
latter case, the magnetron will tune down in frequency 
until rhe missile frequency is again reached. Approximately 
10 seconds are required to rune from the search frequency 
to the proper missile frequency. 

When the pilot switches to Beacon operation, the 
tuning motor tunes from either the search or missile bands 
to the missile high-limir switch which turns off the magne- 
tron. The magnetron remains off until the motor reaches 
the beacon limit switch. The FIS magnetron transmits in 
the identification band as do the FIS and ground beacon 
transpondors. Approximately 14 seconds are required to 


tune from the search band го the beacon interrogation. 


frequency. 

As with all similar radars, there is a tendency toward 
magnetron frequency pulling due to the scanning antenna. 
In fixed frequency systems this effect may be minimized 
by tuning procedures. However, for a tunable system such 
as MG-10, where a frequency band of about eight percent 
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Fig. 12. Tunable magnetron tuning ranges. 


is required, this procedure is nor usable. Instead, a ferrite 
isolator, often. called a gyrator, is used to minimize the 
effects of mismatch. 

A shaped slug of ferrite is placed in the center of a 
square waveguide in which а d-c magnetic field exists. The 
d-c field is adjusted to produce a 45-degree rotation of the 
r-f field. Rectangular-to-square waveguide transitions are 
used to couple energy from the magnetron to the gyrator 
and from the gyrator to the antenna. Energy reflected back 
down the line due to the mismatch passes through the 
ferrite and is rotated another 45 degrees. Thus, on the 
magnetron side of the gyrator the magnetron output and 
reflected energy are 90 degrees out of phase. Being orthog- 
onal to the magnetron output, the reflected energy can be 
decoupled into an external load, thereby removing the 
cause of magnetron frequency instability. 
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B — MISSILE AUXILIARY SUBSYSTEM 


The GAR-1 semiactive and the GAR-1B passive mis- 
siles require a certain amount of preparation for launching. 
The portion of the fire control system which is used to 
perform these prelaunch prepararions is called the missile 
auxiliary subsystem. 

The САК-1 missile has the following prelaunch re- 
quirements: 

l. The MG-10 radar transmitter must be tuned to a spe- 
cial frequency and the radar PRF must be set to that 
of the missile. 

2. Тһе missile local oscillator must be tuned to a fre- 
quency 60 megacycles below che special frequency to 
which the radar transmitter is tuned. 

3. The missile range tracking gates must be positioned 
with respect to the radar range gate so that when the 
missile receives target echoes rhe resulting video will 
be between the missile cracking gates. 

4. The time constant of the antenna tracking loop must 
be increased with alcitude to reduce the effects of radar 
scintillation noise and radome boresight errors. 

3. The aerodynamic sensitivity of the missile must be 
constant over the altitude range of the interceptor and 
for all attack geometries. Thus, the auxiliary equipment 
must determine the missile gain required co achieve 
constant aerodynamic sensitivity and set this gain into 
che missile. 

6. The seeker heads must be positioned to point in the 
same direction as the radar antenna (сћаг is, at the 
target). 

7. External power must be supplied to the missiles prior 
to launching. This power is required to maintain cir- 
cuit stability, to preserve missile internal power, to 
accelerate warm-up of vacuum tubes so that they need 
be on for only a minimum time (This is done because 
the missiles dissipate heat poorly and with filament 
power on, the internal missile temperature rise is 
rapid; and because nonaccelerated warmup requires 
several minutes.), and for blowing fuses and squibs 
within the missiles at the proper times. 

The GAR-1B has only three prelaunch requirements. 
These are the lase three listed above under GAR-1. 

Operations required prior го launching GAR-I mis- 
siles and the GAR-1B missiles, when fired in mixed salvos 
with the GAR-I, are initiated by the prelaunch timing 
signals generated in the Universal Computer and coupled 
ro rhe missile auxiliaries. There are three of these timing 
signals, designated A, B, and D. They normally occur 40, 15, 
and 2.6 seconds prior to the E (firing) signal respectively. 
Ás an unmixed GAR-1B missile salvo is fired by means 
of the optical sight on a pure pursuit attack course, it is 
not possible co supply the missile auxiliaries with com- 
puted time signals. Instead, programing of prelaunch oper- 


ations and missile fring are accomplished manually by 
means of the trigger switch on che flighr stick. 

Each of rhe operátions required to prepare the mis- 
siles and radar for missile launching is accomplished by a 
specific unit of the missile auxiliary subsystem. Hence, the 
functional description of the subsystem which follows will 
be for the most part on an individual unit basis. 


Radar Transmitter Tuning 


The radar transmitter tuning servo is used for pre- 
cision tuning of che radar magnetron to a preset frequency, 
for preselection of a radar pulse repetition frequency at 
which the radar will operate during the missile mode of 
operation, and to furnish a reference voltage for pre-posi- 
tioning of che missile local oscillator tuning motor. 

During search operation, the radar transmits in the 
search band (the lower band of frequencies over which 
the magnetron can tune) at a jittered pulse rate of 416 
pulses per second. (After lockon, the pulse rate is 910 
pulses per second, jittered.) Upon ‘receipt of rhe first pre- 
launch timing signal from che computer, the A signal, the 
radar transmitter tuning servo assumes control of the mag- 
netron tuning motor and begins tuning the magnetron to 
the preset frequency, which is one of six assigned to mis- 
sile operation. At the computer B signal, the radar pulse 
rare is changed to the preselected frequency, which is 
nominally 2000 pulses per second (nonjittered) and which 
is one of five assigned to missile operation. All missiles are 
coded so thar a simple visual inspection of the missile 
during ground preparations will reveal the particular PRF 
to which the missile will respond. By properly assigning 
missile frequencies and missile PRF's (30 combinations 
of transmitting frequencies and pulse,rates) among inter- 
ceptors flying the same mission, interference among inter- 
ceptors in the attack phase is practically avoided. 

During ground operations, a tuning knob on the 
transmitter tuning servo box is set at one of six detent 
positions (frequency channels). Setting of this tuning 
knob adjusts a resonant cavity in the unit to a preselected 
frequency. This control also selects a voltage divider net- 
work which controls coarse tuning of the missile local 
oscillator. A pulse repetition frequency compatible with 
the missiles being loaded is selected by pressing a button 
which energizes à stepping relay. Depending upon the 
position of the relay, one of five indicator lights will glow. 
Each time the button is pressed the relay will stop and a 
different indicator light will glow. With the stepping relay 
in the desired position (as indicated by a glowing light), 
preselection of one of five crystal oscillators in the radar 
and computing subsystem which determines the radar pulse 
rate is accomplished. 

Ic is che function of the transmitter tuning servo to 
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provide driving voltage of the proper polarity to the mag- 
netron tuning motor to tune the magnetron to the fre- 
quency to which the resonant cavity was pretuned. At the 
computer A signal, control of the tuning motor is trans- 
ferred from the antijam button in the cockpit to the tuning 
servo. The tuning motor is then caused to rotate in a 
direction so as to increase the frequency of the magnetron. 
When the magnetron output, a portion of which is coupled 
into the resonant cavity, reaches a frequency approximately 
10 megacycles below the resonant frequency of the cavity, 
control of the cuning motor is transferred to a microwave 
discriminator in the unit. рис to this discriminator is 
derived from two crystals mounted ac the input side of 
the resonant cavity. With the inpuc to the resonant cavity 
10 megacycles below its resonant frequency, the output of 
the discriminator will be of a polarity equivalent to the 
slewing voltage. As the magnetron frequency is driven 
above the resonant frequency of the cavity the output of 
the discriminator will reverse in polarity causing the mag- 
netron frequency ro decrease below the cavity's resonant 
frequency. To minimize motor coasting, and, therefore, 
frequency hunting, this unit provides dynamic braking of 
the runing motor. If frequency lockon does not occur, the 
tuning motor will continue to drive the magnetron until 
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it reaches the high end of the missile band (see Figure 12 
in the radar and computing subsystem chapter) and en- 
gages a limit switch'. The magnetron will remain at this 
frequency until the system is switched to some other mode. 


Missile Local Oscillator Tuning 


The missile local ascillator runing servo is used to 
adjust the frequency of the klystron local oscillator in the 
missile to a frequency 60 megacycles below the frequency 
of the radar transmitter. (The intermediate frequency of 
the missile receiver is 60 megacycles.) Setting of the local 
oscillator frequency is accomplished in two steps: (1) at 
the computer À timing signal, pre-positioning of the local 
oscillator tuning motor begins, which brings the local oscil- 
lator frequency to within the range of the fine tuning 
portion of the unit; (2) at the next prelaunch timing signal, 
the B signal, the pre-positioning circuits are cut out and 
the fine tuning portion of the unit assumes control of the 
tuning motor to bring the klystron frequency to within 
2-1,5 megacycles of the desired frequency. Fine tuning 


۱1۶ the radar search band is extended го a frequency beyond the 
missile band, as is presently anticipated, a different cechnique will 
be used. 
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Fig. 1. Missile local oscillator tuning servo functional block diagram. 


26 


E J E J Е) 


control of the local oscillator continues until che umbilical 
pins become disconnected at launch, At the third computer 
signal, the D signal, a 28-vole d-c voltage is applied to the 
control phase of the two-phase tuning motor in order to 
minimize hunting. This damping action continues after 
launch by means of circuitry contained within the missile. 
Although no power is applied to the tuning motor after 
launch, damping continues co eliminate any rotation of the 
motor due to the inertia of the rotor. 

As can be seen from the missile local oscillator tuning 
servo block diagram, Figure 1, the design of the unit in- 
corporates two feedback loops. One feedback loop is ef- 
fective only during coarse tuning, while the other feedback 
loop is effective only during fine tuning. In the feedback 
loop used for coarse runing (the lowest loop of Figure 1), 
a d-c voltage is fed back from a potentiometer, whose 
wiper position is controlled by the tuning motor, to a 
summing point at the input to the B section of a balanced 
amplifier; the voltage at the input to this section will then 
be the sum of this voltage and a d-c voltage determined 
by che position of the selector switch. During the coarse 
tuning operation, the fine tuning feedback loop is broken 
by effectively disconnecting the output of the discriminator 
from the input to the A section of the balanced amplifier. 
The configuration of the A section is such that under this 
condition its conduction is the same as the conduction of 
the B section when the B section is switched to a source 
of +50 volts. 

At the beginning of the coarse tuning operation, the 
voltage at the summing point at the input to the B section 
will not be +50 volts. Because of this, the current through 
the control windings of the two saturable transformers will 
be unequal. This condition results in a voltage at the out- 
put of the secondary windings which has an amplitude 
and a 3-90 degrees phase relationship to the voltage across 
the reference winding of the tuning motor dependent on 
the relative saturation of the transformer cores. Any output 
of the secondaries causes che tuning motor to rotate in a 
direction so as to bring the voltage at the summing point 
to -+50 volts. When this сопашоп occurs, the output of 
the secondaries will be zero and the tuning motor will stop 
rotating. The klystron cavity will then have been adjusted 
so that the klystron will be operating at a frequency which 
when beat with the magnetron frequency will result in a 
difference frequency within the pull-in range of the dis- 
criminator. 

Ac che computer B timing signal, the input to the B 
section is switched to a source of --50 volts and the A 
section is switched to the discriminator output. At this time 
the discriminator output vill be some positive or negative 
voltage (see Figure 2) and until this output is reduced to 
zero the two sections of the balanced amplifier will be 
unbalanced. This unbalance causes the tuning motor to 
rotate in a direction that will rune the klystron го a fre- 
quency 60 megacycles below the radar transmitter fre- 
quency. As can be seen from the discriminator response 
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' Fig. 2. Discriminator response characteristic. 


characteristic, Figure 2, when this occurs the discriminator 
output will be zero. With the input to the A section again 
reduced to zero and with -+-50 volts at the input to the B 
section, the balanced amplifier will once again be balanced 
and, if other effects were not present, the tuning motor 
would stop rotating. In order to overcome these effects, 
+28 volts is applied to the tuning motor control phase 
at the computer D timing signal. 


Missile Range Gate Positioning 


The missile range gates must be brought into a posi- 
tion such (һас they will be coincident in time with the 
‘target return received by the missile when the missile is 
launched. This positioning is done by the range gate servo, 
by reference to the radar tracking range gate, to an ac- 
curacy of +0.1 microsecond. This action of the servo be- 
gins at the B timing signal when circuitry in the radar 
is automatically selected which establishes the radar pulse 
rate at the same frequency (nominally 2000 cycles per 
second) as that determined by the missile's crystal oscillator. 

In the missilé, range tracking is provided after launch- 
ing by employing early and late tracking gates. These gates 
and the target video received by che missile after launching, 
are coupled into a time discriminator. The output of the 
missile discriminator is a current which is applied to a 
Miller integrator. When the gates and target video occur 
in time as shown in Figure 3(a) (that is, when the cross- 
hatched lines in the target video represent equal areas), 
the time discriminator has no effect on the voltage output 
of the integrator. If the areas are unequal the discriminator 
will produce a current pulse which occurs at the repetition 
frequency of che tracking gates and is of a magnitude 
proportional to the inequality and of a direction indicative 
of the sense of the inequality. This current pulse will either 
increase or decrease the outpur volrage of the integrator. 
The integrator output voltage affects the frequency of the 
crystal oscillator that controls the repetition rate of che 
missile tracking gates so that rhese gates will be main- 
tained in the time relationship with the target video shown 
in Figure 3(a). 

During the period berween the B signal and missile 
launching, the missile range tracking circuitry makes use 
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Fig. 3. Pulse time relationship in missile range gate 
servoing. 


of the time discriminator in the missile range gate servo 
to generate a lock-on error voltage which affects the fre- 
quency of the crystal oscillator in the missile. During this 
period, the missile time discriminator is effectively short- 
circuited, its function being assumed by the time dis- 
criminator in the range gate servo. The range gate servo 
time discriminator functions differently from the missile 
time discriminator in that it effectively compares the time 
relationship berween the radar range gate (which is coin- 
cident with the target after lockon) and the missile late 
tracking gate rather than both tracking gates. 

In order to accomplish this prelaunch range tracking, 
the missile late gate is coupled to the range gate servo, 
Figure 4, where it is used to trigger a multivibrator having 
the output waveform shown in Figure 3(c). The multi- 
vibrator output and the radar range gate are coupled to a 
time discriminator in the range gate servo. When these 
inputs have the time relationship shown in Figure 3(c) 
and (d), there will be no lock-on error, and, hence, the 
discriminator output will be of neither positive nor negative 
polarity. Due to the long time constant of.circuits follow- 
ing the discriminator, if there is an error, the discriminator 
output will remain relatively constant between range gate 
pulses. This output is coupled to the missile crystal oscil- 
lator through the time discriminator in the missile. 

When an error voltage exists, a —250-volt disabling 
voltage will be applied through the contacts of à nonen- 
ergized relay to the missile tracking gate pulse amplifiers. 
In the absence of these gating pulses rhe time discriminator 
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will cease to act as a time discriminator and will act as a 
closed switch. The error voltage will then act on the mis- 
sile crystal oscillator continuously. With the error voleage 
affecting thë crystal oscillator continuously (rather than at 
the pulse repetition frequency as is done when the missile 
is cracking the target video), lockon is accelerated, range 
gate slewing being accomplished at more than 50 micro- 
seconds per second. Whenever lockon is achieved, the 
disabling voltage is removed and the missile time dis- 
criminator is returned to its original configuration. When 
this occurs the d-c error voltage affects the missile crystal 
oscillator only intermittently. However, the range gate 
servo continues to exercise positioning control until launch. 


Computation of the Missile Gain Settings 


The computation of the missile gain required to 
achieve optimum aerodynamic Sensitivity and to reduce 
the effects of radar scintillation, noise and radome bore- 
sight errors.is done by what are called the parameter com- 
puters. Before discussing the operation of the computers, 
it will be worthwhile to explain what the missile gains 
are and why they are needed, 

By definition, a collision course will be flown if the 
space rate of the line of sight, ò, between the target and 
missile is zero. In order to maintain this condition, the 
missile flippers are positioned so that if the missile seeker 
head detects a بن‎ the missile will turn at a rate, y, in the 
same direction as о. The missile is designed so chat for 
any given condition of flight there is a linear relationship 
between the rate of the line of sight and the rate at which 
the missile turns in attempting to bring c back to zero. 
( This type of operation is called proportional navigation.) 
Thus 

у = А, (1) 
where À is the probortionality factor. 

This relationship is shown in the navigation system 
block diagram, Figure 5. Now, if the missile is off course, 
the angle, с, which the line of sight makes with some 
arbitrary spatial reference line, will change. The missile 
detects this change of с as a space rate of the line of sight, 
г. The control system in the missile deflects the missile’s 
flippers by an amount 8 equal to Gyo, where Сы is de- 
fined as the missile gain. This deflection, in turn, causes 
the missile to rutn at a rate y which is equal to К,5, where 
K, is the flipper effectiveness. 

The turning of the missile results in a change in a, 
which is proportional to 1/r, where г is called a navigation 
parameter and is equal to D/Vmn. D is the closing rate 
(along the line of sight) of the missile on the target, and 
Ув is the. component of missile velocity along the line 
of sight. 

The open loop gain of the system shown in Figure 5 
is А x 1/r. This product has been given the symbol А, 
where A is called the navigation constant. Analytical and 
simulator studies have shown that for maximum prob- 
ability of hit, A should have a value of 4. (Above 50,000 


€ 


۰ MISSILE TRACKING 
TARGET VIDEO LE TRAG 


( FROM MISSILE GATE PULSE 
MISSILE RECEIVER- AFTER AMPLIFIERS 


LAUNCH) 


MISSILE LATE GATE RANGE XTAL MILLER TIME. 
GATE OSC. INTE- DISCRIM- 
. : INATOR 
: MULTI— 
VIBRATOR 
TIME 


GATE 


LONG 
зе TIME—CONSTANT 
CIRCUITS DISABLING VOLTAGE 


CIRCUIT. 


"RANGE GATE 
SERVO 0 


| 
| 
| 
مم‎ FIRING | 
қ | 
| 
| 


— .— — سے — — سس — 


Fig. 4. Functional block diagram of missile range gate servo. 


ft, a substantial improvement in probability of hit can be 
effected by increasing A from 4 to 5.) 
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the values of ра and r prior to each particular attack and 
зет Ом accordingly. The required setting of Ом 5 found 
merely by expressing A in terms of the above variables, Fig. 5. Missile navigation system block diagram. 
setting it equal to 4, and solving for Су. Thus, | 
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where k is a constant of proportionality. 
In addition to varying G from one attack to the 
next, it is necessary to limit the maximum deflection of 3 
the flippers as a function of altitude. (See Figure 6.) This MAX. 
must be done to prevent the maximum turning rate of the 
missile from exceeding a value consistent with che struc- 
tural strength of the missile. The amount of flipper de- 
flection required to produce this maximum turning rate 


varies directly with altitude (ie, 1/pa). Ас 35,700 fr the ALTITUDE 
deflection required to produce maximum turning rate is š 221/ра) 
15°. For aerodynamic reasons, the flipper deflection must е 
not be increased beyond this value. 
In the Falcon missile, the gain adjustment required Fig. 6. Necessary flipper deflection limiting characteristics. 
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for pa and r, and the flipper limiting adjustment for pa 
are accomplished by the adjustment of rwo attenuators, 
arbitrarily called G, and Gp, which are placed on either 
side of an electronic limiter, which prevents the flipper 
deflection from exceeding 15?, as shown in Figure 7: 

The G, attenuator is set in accordance with r below 
35,700 ft, and with r and pa above 35,700 ft, as indicated 
by Figure 8. 

The Gp attenuator is set in accordance with pa as indi- 
cated in Figure 9. 

In Figure 7, the missile's seeker head precession loop 
was not shown. The output of this loop, which is shown 
in Figure 10, actually is proportional to 


г 1 | 
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where r is the loop time constant and p is the differential 
operator d/dt. 

Ás can be seen from Equation (4), the ratio of the 
missile's response to a trajectory error will be a function 
of r, which varies inversely with the gain of the missile re- 
ceiver. To maximize the missile's rate of response, it would 
be desirable to make rhe receiver gain as large as possible. 
Unfortunately, there is noise (due to scintillation of the 
target echoes) in the receiver output. This noise, which 
is proportional to the gain of the receiver, produces a 
flipper deflection. As discussed previously, the maximum 
flipper deflection is limited. Therefore, го minimize the 
problem of the flippers being saturated by the receiver 
noise, the receiver gain is set to the lowest value which 
will provide adequate missile response. The minimum ac- 
ceptable rate of missile response is proportional to the 
missile time of flight, and the latter increases with altitude. 
Consequently, it is desirable to decrease the receiver gain 
with altitude. 

The receiver gain is adjusted prior to an attack by 
means of ап attenuator, called the Gr attenuator, placed at 
the output of the receiver. The gain of this attenuator is 
determined by the value of pa as indicated by Figure 11. 
Because no scintillation noise is present in the GAR-1B 
infrared seeker missile, по Gr attenuator is needed. 


The Missile Parameter Attenuators 


Each missile has two r attenuators and two p attenu- 
ators, one each for the pitch channel and the yaw channel. 
The GAR-1 has one + attenuator. These attenuators consist 
of a network of resistors and fuses. By blowing the fuses, 
it is possible to set the gain of the atrenuarors. The т 
attenuator has three fuses, the p attenuator has four fuses, 
and the г attenuator has five fuses, only four of which can 
be independently blown. All possible fuse combinations 
allow eight attenuation steps in the r attenuator and 16 
steps in the р and г attenuators. As a result, the attenuator 
gain is set in discrete steps; cherefore, the gain setting for 
any particular attack condition is nor exactly thar shown 
by the gain curves. Maximum attenuation exists when all 
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fuses are blown. The purpose of the MG-10 parameter 


computers is to select and prepare for blowing a combina- 
tion of fuses which, when blown, will provide an attenuator 
Bain in accordance with the gain curves. For convenience, 
a binary digital notation is used to designate the condition 
of the fuses, O indicating an unblown fuse, and 1 indi- 
cating a blown fuse. Thus, 1011 would indicate the first, 
third, and fourth fuses blown. Computations are initiated 
by the D timing signal and require a maximum of 0.64 
sec for completion. Certain relays in the MG-10 fuse con- 
trol unit are then energized which select the desired fuses 
in the missile actenuators. Ас the E timing signal, power 
is automatically applied to the fuses to blow them. 


Mechanization of the r Parameter Computer 


As mentioned previously, 


D Утн--Утк 
dm Утв = Утв | (5) 


where Vma == component of missile velocity along the line 
of sight from missile co carget, 

Vra. = component of target velocity along che line 
of sight from target to missile. 

In order to compute r, it must be defined in texms of 
quantities available in the interceptor. Figure 12 will be 
used to derive this relationship. It will be noted that, be- 
cause r is computed under the conditions existing at 
launch, the line of sight from missile to target will be 
coincident with the line of sight from intercepror to 
target. Thus, Уан and Утк will be the velocity com- 
ponents of missile and target, respectively, along the line 
of sight from interceptor co target. 

In order to put Equation (5) into a useful form, it 
is operated on in the following manner: 


r= MET: ши Ута-- Ver + Ver 
Vmr —V FR +Verr 


Nc (Мак — Ver) — (Vrr—Ver) | (б) 
{(Уак—Укв) +Verr 


where Уен = component of interceptor velocity along line 
of sight from interceptor to targer. 

Now, Ута--Уғн is equal to the relative velocity be- 
tween the missile and interceptor as measured along the line 
of sight. Writing this as A Vag, and noting Vra—Vrr=R, 
the radar range rare, Equation (6) can be rewritten as 


АУ Е A V, cos 0 —R 


E= AV TV АУ Cos O -L Vy cos 0 


В 
== АУ os (7) 


AVatVr | 


where AV, = velocity of missile relative го interceptor, 
Ук = velocity of interceptor (True Air Speed), 


FROM SEEKER 
>= دوجو‎ |» Реја» А 
Loop 


L. ull مت اعد‎ me a midi 


Fig. 7. Partial missile functional block diagram showing 
how the missile gain adjustment and flipper limiting are 
accomplished. 
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Fig. 9. Settings required of the Gp attenuator. 
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Fig. 10. Simplified functional block diagram of GAR-! 
seeker head precession loop. 
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Fig. 11. Required setting of the G+ attenuator. 
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Fig. 12. The attack geometry. 
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@ — angle between line of sight and interceptor 
heading. 

Little error will be caused by assuming AV, always 
to be equal to 1150 ft/sec. A good average value for # 
has been found to be 15°. By using these assumptions, 
Equation (7) can be rewritten as follows: 


1150 — 103 R 
“71150 У, ` (8) 


Equation (8) is that which is mechanized in the r 
parameter computer. 

It was pointed out previously that, for altitudes above 
35,700 ft, G, must be modified to take into account not 
only attack geometty, but also pa. This is done by multi- 
plying the right side of Equation. (8) by the ratio of the 
value of pa at 35,700 ft (0.696) to that at an altitude 
2/3 of the vertical distance between interceptor and target 
(the value of pa computed by the air data computer). 
The minimum value of this ratio, of course, is 1 and 
occurs at 35,700 ft. The ratio's maximum value occurs at 
the limit of the pa computation (pa 0.18, which is equiva- 
lent to 63,000 ft). When the right side of Equation (8) 
is modified in this manner, the new expression is called p. 
Thus, 


0.696 
pa 


г. (9)‏ == با 

These expressions are mechanized by coupling a fixed 
voltage analogous to 1150 ft/sec and a voltage proportional 
to the range rate from the radar to a summing point. The 
resultant voltage is coupled to an amplifier. The output 
voltage of the amplifier is coupled to one terminal of a 
potentiometer whose wiper arm is positioned in accordance 
with Vr. The voltage picked off by the wiper is then fed 
back to the summing point. The output voltage is then 
equal to r. 

In accomplishing the mechanization of Equation (9), 
a voltage equivalent to ра = 0.696 and the pa Output of 
the air data computer are compared at the input to а 
coincidence circuit. When they become equal, a relay is 
energized which modifies the feedback loop to include 
division of the denominator of-Equation (8) Бу 0.696/pa. 
The output voltage is then equal to y. 

In either case, the output of the amplifer is con- 
verted to binary digital form in a manner similar to that 
discussed in the following paragraphs. 


Mecbanization of tbe p Parameter Computer 


The p parameter is computed as a function of pa, 
The computer mechanization is accomplished by coupling 
the 500-cycle plus phase of the pa output of the air dara 
computer to one terminal of a coincidence circuit. A. minus 
Phase 500-cycle reference voltage is coupled to thé other 
terminal. This voltage is picked off a precision voltage 
divider by a contact connected to a shaft whose angular 
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position is controlled by a stepping relay. The stepping 
relay starts stepping at che D signal and will continue to 
step until the two voltages are equal This requires a 
maximum of 0.64 seconds. Coding wafers are coupled to 
this shaft, and 28-volt d-c is coupled through these wafers 
to the fuse control unit. Thus, the position of the wafers 
governs the terminals to which the 28 volts is coupled, 
and the position of the wafers depends on the shaft posi- 
tion, which in turn depends upon the value of pa at which 
coincidence was achieved. The terminals are connected to 
relays in the fuse control unit. These relays in turn de- 
termine which fuses are to be blown. If the 28 volts is 
coupled to one combination of terminals, fuses 2 and 4 
might be blown in the missile; if the 28 volts is coupled 
to another combination, fuses 1, 2, 3, and 4 might be 
blown. The binary digital notation used to signify this 
condition is 1010 and 1111, respectively. 


Mecbanization of the + Parameter Computer 


The т parameter is also computed as a function of 
pa. The mechanization of this computer is similar to that 
described above for the р parameter computer. 

p 


Missile Seeker Head Positioning 


So thar the missile, when launched, will be able to 
home on the target, the missile antenna must be pre-posi- 
tioned to look in the direction of the target. The purpose 
of the missile antenna servo is to position the seeker head 
of each missile so that it points in the same direction as 
the radar antenna. This action starts at the B timing signal 
and continues until the missile separates from the umbilical 
plug. When the action starts the missiles are in the stowed 
position bur the direction to which their antennas are 
driven is the direction to which they must be pointed with 
respect to the missile in the extended position. The six 
missiles are stowed, three to a bay, in a forward and an 
aft bay in the fuselage of che F-102A. In each bay the 
missiles are stowed three abreast. In being extended to fir- 
ing position the two center missiles are extended down 
through the aircraft plane of symmetry such that cheir axes 
make an angle a with the radar boresight line at the end 
of the extension. The four side missiles are extended in a 
somewhat complex manner such that they.point down and 
out. If сре extension distance is neglected (as parallax 
effects are negligible) it will be noted from Figure 13 that 
the axes of the side missiles are in effect rotated through 
two angles, ¢ and д. Each of the six missiles is also rolled 
about its own axis such that its "top" fin makes an angle 
ф Or r with the vertical. All of these angles are constants. 

From Figure 13, it will also be noted that the missile 
pitch angle, ہہ‎ is measured about missile axis B-B while 
the radar elevation angle, ¿ is measured about che radar 
axis Y-Y. The missile yaw angle, ve, 19 measured about the 
missile axis C-C, and the radar azimuth angle 0, is measured 
about the radar axis Z-Z. The two missile axes are in the 
plane of the missile fins. 


Fig. 13. Position of missiles in extended position with re- 
spect to radar boresight line. 


In order to mechanize the servo, it is necessary to 
express the radar antenna azimuth and elevation deflection 
angle in terms of the corresponding missile antenna 
yaw and pitch angles. This coordinate transformation re- 
sults in a complex expression which by making a number 
of approximations” reduces to the following relationships: 


vy = —k, —k, sin 0 +k, sine (10) 
ve = k, +k, sin 6 — К, sine (11) 


The "k's" in Equations (10) and (11) are constants 
whose numerical values are dependent on the angles by 
which the missile axes are rotated with respect to the 
radar axes. Their values are determined by computing cer- 
rain trigonometric functions of these angles. Because these 
angles differ among certain of the missiles che constants 
are different. However, the equations for all of the missiles 
have the same form as Equations (10) and (11). It is inter- 
esting to note that if the radar axis is along the radar 
boresighr line, sin 0 and sin є will equal zero and the 
missile antenna will be deflected by an amount k, in the 
pitch channel and an amount k, in the yaw channel. The 
constant, k,, determines the contribution of the 6 com- 
ponent of the position of the radar axis to the w, com- 
ponent of the position of the missile antenna axis. The 
constant k, determines the contribution of the є component 
of the position of the radar axis to the и, component of 
the position of the missile antenna axis. 

In the mechanization, sin 0 and sin « can be obtained 
as voltages from che radar antenna resolvers. These volt- 
ages must then be multiplied by a certain factor. A con- 
venient and accurate method of performing multiplication 
is by means of a transformer. The output of each of the 
resolvers is coupled through a switch го che primary of a 


2Оле of these approximations is the disregarding of the fact 
that the radar antenna and missile anrenna coordinate systems are 
different. ( The former is an orthogonal coordinate system while the 
latter is a non-orthogonal system.) Errors introduced by this and 
other approximations were optimized and minimized by ron gl 
the constants of the equations in accordance with empirical dara. 
This can be done because the values of ۵ and e introduced into the 
equations are limited со = 24 degrees. 


transformer having a turns ratio equivalent to the coef- 
ficient, k, of that term to which the resolver output is 
analogous. When the radar antenna angle increases beyond 
24 degrees, the switch connects the transformer primary 
to a source of constant a-c voltage so that the input to the 
primaries is limited ас 24 degrees. For the v, channel the 
voltage at the secondary of one transformer is proportional 
to k, sin ۸, while the voltage at the secondary of the other 
transformer is proportional to k, sin «. A third transformer, 
whose turns ratio for the уь channel is k, has a constant 
400-cycle voltage applied to its primary so that a voltage 
proportional to k, appears at that secondary. As there are 
two channels, each transformer has two secondary windings 
per missile. As there are six missiles, a total of 12 secondary 
windings are wound on each of the three transformers. By 
connecting the proper secondaries in series the voltages 
across all three of a sec will add in accordance with Equa- 
tions (10) and (11). The net voltage, و۲‎ or ус, across the 
secondaries is equivalent to the position of the radar axis 
with respect to the missile antenna axes. By subtracting 
vp, and ve, (the amount of rotation of the missile antenna 
about the missile antenna axes), respectively, from v, and 
ve an error signal will be obtained. This error signal is used 
by a servo to drive the missile antenna until the error signal 
nulls out. Rate signals, оу and we, from the radar antenna 
rate gyros are also transformed in terms of missile antenna 
coordinates and coupled to this servo to decrease the 
amount of error sustained by the servo. In order to mini- 
mize weight only one amplifier is used and its inputs and 
outputs are time-shared by means of a motor-driven switch. 


Power Switching and Programing 


Power switching is accomplished by the missile aux- 
iliaries interconnecting unit and the missile heating power 
supply control. For the purposes of this discussion, the two 
units will be considered as one and will be referred to as 
the power switching circuitry. Programing is accomplished 
by the armament control relay assembly. This unit consists, 
as does the power switching circuitry, primarily of relays 
and a mechanical timer. | 

These circuits supply the proper voltages and signals 
to the correct missile auxiliaries and missiles in order that 
the operations listed in Table I and the programing listed 
in Figures 19 and 20 of this chapter, can be accomplished. 

The power switching circuitry receives a-c and d-c 
power from the MG-10 power supply subsystem and 
switches this power to other units of the missile auxiliaries 
and to the missiles in accordance with the setting of the 
master selector switch on the radar ser control panel, at 
nose wheel retraction, and in accordance with computer 
timing signals. 

When the master selector switch is placed in the 
Warm position, certain relays in the power switching cit- 
cuitry are closed and thermostatically controlled heating 
power is supplied to the missile electronic packages and 
batteries. When the master selector switch is moved to the 


On position, voltage is coupled to the programing cir- 
cuitry (armament control relay assembly) to energize its 
relays. 

Ar the nose wheel. retraction signal, relays in the 
power switching circuitry are closed in order to apply 
power to the missile crystal heaters, the missile vibrators, 
the missile rate gyros, the radar rate gyros, and accelerating 
voltage to the missile seeker head gryos. The timer in this 
circuitry is also started at this time. The timer counts two 
minutes during which time the power switching circuitry 
prevents plate power from being switched to any of the 
missile auxiliaries, thereby preventing initiation of any of 
the attack operations listed in Table I. Ar the end of the 
two-minute period the power switching circuitry causes 
the accelerating voltage ro be removed and normal voltage 
to be applied to the missile seeker head gyros. 

In response to computer timing signals from the pro- 
Braming circuitry, the power switching circuitry causes 
excitation volrage to be coupled to the reference phases 
of the missile AFC servo motor and the. missile anrenna 
servo motor, causes boost and normal voltage to be applied 
to missile filaments, and furnishes power to ignite the mis- 
sile battery, warhead, and waveguide shutter squibs and to 
blow the missile parameter attenuator fuses. In response 
to the computer B timing signa! it removes all. externa! 
power from the missiles except for crystal heating, missile 
antenna and missile AFC servo motor reference phase volt- 
age, and transfers the missiles to their own internal power. 
_ For ground checks, this circuitry provides power for 
exciting the missile antenna spinner motor and provides 
power for the missile vibrator so thar the missile batteries 
need not be used. 

The armament control relay assembly is used to make 
armament decisions such as determining which missile bay 
should be selected and whether missile preparation should 
be stopped. Among the inputs to this unit are the radar 
lock-on voltage, che computer timing signals, signals from 
the trigger switch and action switch, the nose wheel retrac- 
tion signal, and timer and relay excitation voltage ( when 
the master selector switch is in the On position). Informa- 
tion from the armament control panel and the launchers 
relating to missile selection and loading are used by the 
armament control relay assembly to determine the bay to 
which the outrpürs of the missile auxiliaries should be 
coupled. The radar lock-on voltage and the timing signal 
occurrence are used to determine whether missile prepara- 
tion should be stopped. The computer timing signals, the 
action switch signal, and the trigger signals are effectively 
coupled through the armament control relay assembly to 
the power switching circuitry and to other units of the 
missile auxiliaries in order that the attack operations listed 
in Table 1 will be accomplished. 


Altitude Difference Computation and pa Correction 


The altitude difference computer is used to Compute 
the difference in altitude, (AH), between the interceptor 
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and target. This value is used to modify the value of pa 
[ie, (ра)һ] at the interceptor's altitude (h) to a value 


"which would exist at an altitude equal to h + 2/5 AH. 


The relationship used is (pa) b+2/3AH ~ (ра)ь( |+КА H), 
1 Е ; . 
where K = 30,000" This particular value of pa was chosen 


because it provided, on the basis of empirical data, the 
best probability of hit for missile launchings. 

The term, AH, is computed according to rhe rela- 
tionship: | 


AH =R [sinc + 0.87 (sine соз À + sin Өзіп A] (12) 


where each of the terms has been defined elsewhere’ in 
this report. AH is determined as a shaft position of a 
servo motor. This motor is used to position the wiper arm 
of a potentiometer which is located in the feedback loop 
of a feedback amplifier. This amplifier divides a signal 
from the air data computer by 1 + KAH, and is used in 
the feedback loop of a servomechanism. This servo is used 
to produce a potentiometer shaft position proportional to 
ра at an altirude equal to h + 2/3 ДН. 


The Missile Preparation Program 


The missile preparation program is accomplished in 
two phases: (1) preparatory operations, and (2) attack 
operations. The preparatory operations begin when the 
master power switch on the radar set control panel is 
placed in the Warm position. Ar rhis time power is 
coupled to the missile electronic package and battery 
heaters to maintain them at a certain minimum tempera- 
ture. This operation normally takes place while the inter- 
ceptor is on the ground in the ready condition. Two 
additional operations are required before the attack Opera- 
tions should begin: (1) bringing the missile rate gyros 
up tO proper operating speed quickly, and, (2) bringing 
the missile crystal (which is used to establish the repetition 
rate of the missile tracking gates) up to proper operating 
temperature. Of the two operations, initiation of the first 
is the most critical. This operation requires more time than 
that which transpires between the beginning of the attempt 
to lock the fire control radar on a target and launching, 
yet it саппог be started while the interceptor is on the 
Bround because of the possibility of damaging the gyros, 
due ro the interceptor changing direction rapidly. Ketrac- 
tion of the nose wheel has proved to be a convenient time 
to begin this operation. The lines to rhe missile crystal 
heater and the missile vibrator happen to be tied to the 
missile rate gyro line, and therefore, power is applied to 
them at the same time. The crystal has to be warmed up 
some time, and it is not objectionable to accomplish it at 
this time. Although it is not essential that the missile 
vibrator be energized before power is drawn from it, ener- 
gizing it is not detrimental. In fact, by energizing it at 
this time, any stickiness in the contacts will be removed 
by the time it is desired to draw power from the vibrator 
and, thus, voltage will be available immediately, 


2-5) 


To summarize, then, the preparatory ‘operations ас- 
complished by the missile auxiliaries are: 

1. Warm missile electronic package and battery. 

2. Accelerate missile rate gyros. 

3. Warm missile crystal. 

4. Energize missile vibrators. 


The Attack Preparations 


The operations accomplished on the missiles and 
radar by the missile auxiliaries during the attack are 
described in some detail in other sections of this chapter. 
For convenience, these operations will be listed again, but 
assuming the reader now has a degree of familiarity with 
them, each of the operations will be listed in an abbreviated 
manner. None of chese operations can begin until two 
minutes after nose-wheel retraction. This is the period dur- 
ing which boost voltage is applied to the missile rate 
gyros to bring them quickly up to proper operating speed. 
The operations are as follows: 

1, Missile filament boost voltage on. 

2. Missile filament boost voltage off (after ten sec- 

onds), normal voltage on. 

3. Missile electronic package and battery heaters off. 

4. Missile auxiliary subsystem plate voltage on. 

5. Tune radar transmitter. 

6. Coarse tune missile local oscillator. 

7. Active missile battery. 

8. Servo missile local oscillator tuning motor (fine 

tuning). 

9. Change radar PRF to value required for specific 

missiles loaded. 

10. Transfer missiles to internal missile power. 

11. Servo (align) missile tracking gates to coincidence 
with radar range gate. | 

12. Servo seeker heads of selected missiles into align- 
ment with radar antenna. 

13. Compute missile navigation parameters (r, p, r). 

14. Shift radar operations to elliptical polarization. 

15. Damp missile local oscillator tuning motor. 

16. Open missile bay doors. 

17. Extend missile launchers. 

18. Blow missile parameter fuses. 

19. Permit arming of missile warhead. 

20. Release missile waveguide shutter. 

One additional operation is performed on the missile 
— activating the missile hydraulic power, bur this operation 
is not accomplished by the missile auxiliaries. The opera- 
tion is performed by the aircraft armament control system 
at an instant just before rhe missile's rocket motor is 
ignited. 

Establishing the Sequence of Attack Preparations 

Now it is evident that some of these operations must 

be performed immediately before launching the missiles, 


while others must be performed well in advance of launch- 
ing. Further, che accomplishment of some operations is 


dependent upon the previous accomplishment of some other 
operations. It turns out that the operations can be ac- 
complished in groups, of which there are a minimum of 
three, the last group occurring just before firing. The 
reasons for placing certain operations in a certain group 
will now be examined briefly. 

Because of aerodynamic effects the doors and launchers 
must not be extended until just before firing. Thus, these 
operations must be placed in the last group of operations 
to be accomplished. Similarly, because elliptical polariza- 
tion degrades radar tracking performance and is not needed 
until the GAR-1 missiles are launched, this operation can 
be accomplished in the last group. In case the attack is 
broken off, another attack should not be begun with the 
missile parameters set for the conditions of a previous 
attack. Therefore, the navigation parameters must be set 
at the last possible moment before firing. For safety, the 
missile should not be given the capability to be armed 
until just before launching; therefore, this operation is 
performed with those in the last group. 

Тһе: operations of servoing the missile range gates, 
local oscillator, and seeker head require an amount of 
time in excess of that allowed for the operations in the 
last group and therefore, must be started at some time 
prior to initiation of the last group. Before the actual 
servoing operations begin. plate voltage must be applied 
to the missile circuits and the missile vacuum tube fila- 
ments must be on and operating stably. Plate voltage is 
obtzined by connecting the missile batteries to the missile 
vibrator and by coupling the vibrator output to the re- 
mainder of the missile power supply. This is done in the 
transfer to internal power operation. Prior го the cime 
internal missile battery power is supplied to the vibrator, 
external voltage is coupled ro the missile vibrator from the 
missile auxiliaries. However, this voltage serves only to 
energize the vibrator — по power being drawn from ic. 
Once the filaments have reached proper operating condi- 
tion, rhe servoing operation will begin with application of 
plate voltage to the missile circuits. Thus, the transfer to 
internal power operation can begin at the same time as 
the servoing operations. 

Filamenc voltage cannot be applied to the missile cir- 
cuits at the same time as plare volrage because of the 
possibility of damaging the tubes. For reasons involving 
missile heat dissipation (mentioned in the introduction ro 
this chapter), and in order co shorten missile preparation 
time by hastening filament warmup, boost voltage is ap- 
plied to the filaments for ten seconds to bring them up 
to proper operating conditions. In addition, the missile bat- 
teries require about seven seconds to become fully activated, 
and ir would not be practical to activate them unless an 
attack were actually underway. Battery activation, then, is 
an attack operation and, as with the filament boost, must 
begin prior to the transfer to internal power and servoing 
operations. Thus, battery activation and filament boost have 
been placed in a third group of attack operations. Included 
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in this third group of operations are the radar transmitter 
tuning (which must begin as early in the attack as pos- 
sible because under the worst possible condition a maximum 
of fourteen seconds could be required for the operation), 
and the missile local oscillator pre-positioning operation 
(which must be completed before fine tuning can start 
and which involves no missile vacuum tube circuits, in- 
cluding the local oscillator, and so can be started before 
the power transfer operation). Because radar tuning and 
missile local oscillator pre-positioning are accomplished 
by the missile auxiliaries, this subsystem must be operating 
before these operations can be started. However, it would 
not be economical to have this subsystem operating con- 
tinuously when it is needed only during the few seconds 
of a missile attack. It is not feasible to turn the filaments 
on as part of the attack operations, but іг is feasible to 
apply plate voltage to this subsystem as part of che attack 
operation. Plate voltage, then, is applied to the missile 
auxiliaries as part of this third group of attack operations. 
The three groups of artack operations accomplished 
by the missile auxiliaries will be referred to as Group A, 
Group B, and Group D". In the above list of operations, 
items 1 through 7 are included in Group A, items 8 
through 12 in Group B, and items 13 through 17 in 
Group D. (As operations 18, 19, and 20 are irreversible 
it is desirable to initiate them as late as possible; hence, 
they are begun with the E signal.) Each of these groups 
of operations is initiated. respectively, by release of the com- 
purer A, B, and D timing signals from the armament con- 
trol relay assembly to che proper unit of the missile aux- 
iliaries, The signals originate in the Universal Computer 
and are coupled from this unit to the armament control 
relay assembly. When one group of operations has been 
completed, the next group will be initiated by a timing 
signal when the signal is released to the missile auxiliaries 
from the armamenc control relay assembly. It should be 
noted that a timing signal may be released from the com- 
puter substantially earlier than the time that signal is 
released from the armament control relay assembly. 


Establishing the Minimum Time Missile 
Preparation Program 


It now remains го. be determined at what times prior 
to the E signal these operations should be initiated. Con- 
cerning the last group of operations, 1.2 seconds (approxi- 
mately) are required for the missile bay doors to be opened 
and 1.2 seconds (approximately) are required for the 


"No group C is listed in this description because of the desir- 
ability of retaining a basis of comparison berween. the sequence of 
operations performed in preparing missiles for firing in the Hughes 
E-9 fire control system and the МС-10 system. The chief prepara- 
tory operations listed for groups A, B, and D above are also made 
during groups A, B, and D for the E-9 system. The applicable 
operations performed during group C in the E-9 system have been 
incorporated as part of the opetations performed during group B 
in the MG-10 system. There is not necessarily any similaricy be- 
tween the two systems in the computed time of occurrence of 
groups A, B, and D prior to the firing (E) signal. 
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launchers to be extended. These operations must be per- 
formed successively. Approximately 0.64 second is required 
for the parameter computation and the remaining opera- 
tions are accomplished nearly instantaneously. Thus, the 
initiation of the last group of operations is dependent upon 
door opening and launcher extension time. These opera- 
tions then should begin, at the latest, about 2.4 seconds 
before the E signal. 

Concerning the operations in Group B, the servoing 
operations require the greatest length of time and so con- 
trol the time in advance of the E signal at which the 
operations should be initiated. It has been found that by 
starting these operations at a minimum time of 6.5 seconds 
in advance of delivery of the E signal to the intervalometer 
all errors should be zeróed out before the missiles are 
launched. 

Because the Group B operations can begin only after 
the filament boast has been completed and this operation 
requires ten seconds, the Group A operations cannot begin 
ata time less than 16.5 seconds before delivery of the E 
signal to the intervalometer. Thus, the attack operations 
require a minimum period of 16.5 seconds, 


Time Compression — For a number of reasons it would 
be impractical to require that the armament control relay 
assembly release the A timing signal, thereby initiating the 
first of the prelaunch operations, at 16.5 seconds prior to 
the time it releases the E signal. If both the carger and 
the interceptor velocity vectors remain unchanged through- 
out an attack, and if rhe interceptor is on course, computed 
time from the Universal Computer will be identical to real 
time. If the atrack were being conducted in this manner, 
each of the timing signals would be delivered to the missile 
auxiliaries at the proper time for all of the operations to 
be completed prior to the occurrence of the E signal. With 
all of the operations completed, the E (firing) signal would 
be delivered to the intervalometer, so that launching could 
begin. When actual launching occurs in the proper time 
relationship to the E signal as delivered from the computer, 
one of the requirements for a hit has been realized. 

The non-maneuvering case is shown in Figure 14(a). 
Here the action switch is depressed at an early rime to 
begin the lock-on procedure. Next, lockon occurs, and 
shortly after this the interceptor gets on course. From this 
momenr, the computer time scale represented by the hori- 
zontal line is identical to real time. The computer, then, 
begins to "clock" down until аг 16.5 seconds before the 
computer firing time the A signal appears at the output 
of the computer. The other signals occur at the intervals 
shown. Because the computer is computing real time, the 
initiation of the operations and the occurrence of the 
respective timing signals are coincident. 

Now, if this timing sequence were used and if the 
target were to turn towards the interceptor after the A 
signal was delivered, che remaining time signals would 
occur in real time as shown in Figure 14(b). This condi- 
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Fig. 1 4(a), (6). Minimum time program for missile prelaunch preparation. The timing sequence demonstrates the impracti- 
cability of using a short preparation time in attacks against a maneuvering target. 


tion. is called time compression. If che target turned away 
from the interceptor, time expansion* would occur. If the 
target turns into the interceptor, the computed point of 
impact, which is ahead of the target, also moves in to- 
wards the interceptor. Because rhe distance to impact de- 
creases, the firing point must also move in towards the 
interceptor. As a result, the cime until firing decreases and 
the time scale compresses. 

Figure 14(b) illustrates what might occur if the target 
were to curn towards the interceptor in a continuing 
maneuver after the A signal. The time between occurrence 
of timing signals would decrease by a proportionately 
smaller amount as the computed firing time is approached. 
Figure 14(b) also illustrates the result of this time com- 
pression. The A signal starts the Group A operations. These 
operations last ten seconds, during which time the B signal 
occurs. The B signal will not be released so that it can 
initiate che Group B operations until Group A is complete. 


‘If a maneuver occurs during any interval (A to B, B to D, 
D to E) the time remaining in that interval and in each of the 
following intervals will be decreased or increased, depending upon 
whether the maneuver causes time compression or time expansion, 
respectively. A maneuver is considered as occurring if there is any 
change in either the interceptor or target velocity vectors. It should 
be noted thar rime compression is different from. the decreased total 
preparation time, which would result from late lockon. If, for ex- 
ample, lockon occurred after the time the A signal should have 
been delivered from the computer during a nonmaneuvering attack 
but before the time the B signal would normally be delivered, the 
B and D signals would occur at the normal advance times, but the 
time between A and B signals and, hence, the A and E signals, 
would be reduced. Thus, the A signal would be delivered from the 
computer immediately after lockon, and the B signal would. be 
delivered ar some time less than the normal interval. 


After che ten-second period, then, the Group B operations 
begin. During this time the D and E signals occur. The 
D operations cannot start until the B operations are com- 
plete and the firing operations initiated by the E signal 
cannot begin until the D operations are complete. Thus, 
the actual firing would have to be delayed several seconds 
after the time at which it should have occurred. The 
missile guidance system can absorb a 1-second firing delay 
without degrading the probability of hit excessively (this 
much delay is actually permitted) . However, several seconds 
of delay cannot be absorbed and the attack described by 
Figure 14(b) would have had to have been aborted at an 
early rime in order to conserve the armament. Thus, a 
timing sequence such as that shown by Figure 14(a) could 
not cope with a maneuvering target. 

The actual timing sequence is shown in Figure 15 as 
it would be for the case of a nonmaneuvering target, the 
A signal occurring at forty seconds, the B signal at fifteen 


swith НОМ ады SIGNAL SIGHAL ясны, 
-40 sec -i5 SEC. -26 ser. 0 
GROUP A GROUP و‎ GROUP D 


Fig. 15. Actual occurrence of computer timing signols for 
nonmaneuvering case. 
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seconds, and the D signal at 2.6 seconds in advance of the 
E signal. As in the previous hypothetical case, each group 
of attack operations will be initiated at the same time as 
the time of occurrence of the timing signals. 

Some of the reasons for using this timing sequence 
rather than some other such as that just described will now 
be discussed. Essentially, the selection is a compromise 
based on the conflicting requirements of having as much 
time berween groups of operations as possible so that the 
system can tolerate time compression and having as little 
time as possible berween groups of operations so that the 
system can rolerate a greater amount of late lockon, and 
so that the missile can be normally prepared in a minimum 
amount of time. | 


Initiation of Attack Operations During Radar Tracking 


Because of the possibility of time compression occur- 
ring, it is desirable to initiate the Group A operations as 
far in advance of the E signal as possible. However, if 
application of filament voltage is begun too early and al- 
lowed to continue, che missile temperature could rise exces- 
sively due to heat generated by the missile filaments. If 
they are begun with the A signal and if the A signal occurs 
40 seconds in advance of the E signal (in the case of a 
nonmaneuvering target), a relatively large amount of 
compression can be tolerated before the attack would have 
to be aborted. However, in the event of late lockon, there 
might not be time for all the attack operations to be 
completed without excessively delaying delivery of the E 


ACTION A 
SWITCH LOCK-ON SIGNAL. 
! -40 SECONDS 
«лом? A OPERATIONS 85009 4 OPtRaTIONS HELD 
NORMALLY COMPLETED, 


7 BOGAT ON “ОЛ wor Ем o) 


“SECOND TIMING, |, 14-SECOND MOLD 


signal to the intervalometer. For this reason, the Group A 
operations are first initiated by depression of the action 
switch, which occurs before lockon. In addition to the 
Group A operations, the action switch also starts a timer. 
The timer counts off ten seconds, at the end of which time 
the filament boost voltage is removed and normal voleage 
is applied. As shown in Figure 16(a), for a nonmaneuver- 
ing target the timer counts off an additional fourteen 
seconds, during which time application of normal filament 
voltage continues. This period is called a hold period. Dur- 
ing this time the radar transmitter tuning and missile local 
oscillator pre-positioning circuits are active, although ordi- 
narily the operations will have been accomplished. As shown 
in this illustration, if the A signal occurs during either 
the filament boost or the Бо period, the Group B opera- 
tions will begin when the B signal is received. As shown 
in Figure 16(b), if the A signal is not received during 
the 24-second interval the Group A operations will be 
discontinued. These operations will be re-cycled when the 
‘A signal is received. By accomplishing the Group A opera- 
tions in this manner, the missile filament will ordinarily 
not be on continuously for a period longer than 64 seconds 
(24 seconds after action switch depression +- 40 seconds 
after the A signal). The Group A operations cannot begin 
unless two minutes have elapsed from nose-wheel retrac- 
tion. This period is required for the missile seeker head 
gyros to come up to speed. If the action switch is depressed 
during this period the Group A operations will be delayed 
until che period is completed. 
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Fig. 16 Actual initiation of pre-launch operations due to action switch signal and computer timing signals for the 
nonmanuevering case. 
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Fig. 17. Intervalometer timing sequence used to initiate 
firing operations. 


In either case, the Group B operations will be initiated 
when the B signal is released. If the target is nonmaneuver- 
ing, these operations will begin at fifteen seconds prior 
to che E signal. The selection of this time for initiation of 
the Group B operations is not critical, It could have been 
established as occurring at a time slightly greater or slightly 
less than fifteen seconds. The chief consideration involved 
is the effect of time compression. The normal period be- 
tween B and E signals cannot be too small or, as shown 
in Figure 14(b) a small rarget maneuver could result in 
an aborted attack. The B signal will initiate the Group B 
operations and start the timer. The timer is used to estab- 
lish whether an abort condition exists, and, therefore, in 
the nonmaneuvering case, its use has no significance. 

The D signal occurs at an advance time of 2.6 seconds. 
One of the conditions for this signal initiating the Group 
D operations is rhat the g-limit switch” must be closed. If 
the g-limit switch is not closed at the time of occurrence 
of the D signal, the present attack will be aborted unless 
the D signal can be made to occur again. No provision has 
been made to abort if the g-limit switch opens after the 
D signal. If the g-limit switch is closed, the D signal will 
initiate missile bay door opening, parameter relay setting 
( which requires a maximum of about 0.64 seconds), trans- 
fer to elliptical polarization, missile local oscillator tuning 
motor damping; and will start the timer. The timer clocks 
1.5 seconds and is used ro establish whether an abort con- 
dition exists. Occurrence of the D signal was set at 2.6 
seconds as a compromise between setting it at a small 
advance time so that the Group D operations could be 
accomplished as close to the firing as possible, and at a 
Breater advance time, so that a greater amount of tim 
compression could be tolerated. | 

The Group Е operations begin when the firing signal 
is delivered from the armament control relay assembly to 
the intervalometer, which is the source of the various tim- 
ing signals used to initiate the firing operations. Release 
of the E signal to the intervalometer requires completion 
of the 1.5-second period from the initiation of the Group 
D operations and completion of the door opening and 
launcher extension operations. Each of the Group E opera- 
tions is initiated by a signal E through E,. The various 


"The g-limit switch is actuated by the accelerometer, and is 
closed berween —1"g" and +3"g". This interlock is required to 
prevent damage to the missile extending mechanism, which might 
occur if they were actuated during a high "g" maneuver. 


times at which the Group E operations are initiated are 
shown in Figure 17. The operations initiated by the inter- 
valometer timing signals are listed as follows: 

Е --Е( firing) signal starts intervalometer, causes 
warhead weight release squib* activation, mis- 
sile navigation parameter fuse blowing, and 
waveguide shutter? release. 

E-E, — Missile seeker head correction time. 

E, — [Igniter signal delivered to two side missiles in 

one bay. 
— Igniter signal delivered to center missile in 
same bay. 
`Е,-Е. — Time allowed for missiles со clear launchers. 
E;  —Retract aft launchers and extend forward 
launchers (if a salvo of six missiles is fired, 
the aft missiles are fired first). 
E.,-E, — Launcher extend time. 
E,-E; — Missile seeker head correction time. 
E, — Igniter signal delivered со two side missiles in 
second bay. 
— Igniter signal delivered to center missile in 
second bay. 
Е,-Е; — Time allowed for missiles to clear launchers, 

E. — Launcher retraction started. 

E,-E, — Time required for launcher retraction. 

E, — Door closing started (completed in approxi- 
mately 1.2 seconds). 

If only three missiles are co be fired, the timing se- 
quence will omit all operations after E.. Total time re- 
quired from delivery of the E signal to the intervalometer 
to door closing for launching of the missiles in one bay is 
approximately three seconds, an additional 1.8 seconds is 
required for launching a full salvo of six missiles. It should 
be pointed out that this timing sequence is not necessarily 
firm. Other sequences have been devised and may be used 
in the production MG-10 system. Basically, however, the 
fring sequence described is representative and any other 
will differ only in detail. 


Aborting^ the Preparation Program 


As mentioned previously, the missile guidance system 
can absorb a one-second delay between the time the mis- 
siles should be launched and the time actual launching 
occurs, without excessive degradation of the probability of 
hit. If during the time the missiles are being prepared for 


"Activation of this squib releases the warhead weight (arming 
mechanism). Н an acceleration «equivalent to the rocket motor 
thrust acts oa the warhead weight, the warhead weight will cause 
the warhead to be armed. 

“Тһе waveguide shutter is a wire atrenuator located in the 
missile waveguide between the missile antenna and mixer. It pre- 
vents high power transmissions from damaging the crystals in the 
mixer. When it is blown, ir offers no attenuation to energy being 
coupled from the antenna to the mixer. 

“By abort it is meant that che missile preparation is stopped. 
In order for it to recycle beginning with rhe Group A operations, 
the armament selector switch on the armament contro] panel must 
be reset. The pilot is notified of an abort condition by appearance 
of the pull-out warning signal on che radar indicator. Radar lockon 
is not broken, however. 
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launching, it appears that the preparation program will 
not be completed until a time greater than one second after 
delivery of the E signal from the computer, then the missile 
preparation should be stopped in order to conserve the 
missiles. Provisions have been made in the MG-10 system 
for automatically aborting the preparation program if it 
appears that a grearer than one-second delay in firing will 
be incurred. The preparation program can also be. aborted 
manually by the pilot if he changes the armament selection, 
depresses the Return to Search switch, or if he places the 
armament master switch in the Safe position. 
The preparation program will be automatically aborted 
if any of the following occur: 
1. Loss of lockon afrer the B and before the E signal. 
2. Delivery of two timing signals from the computer 
during che timing period initiated by a previous 
timing signal. 


TRIGGER 
2 


GROUP Е 


— i64 SECONDS ——  nUrh“q 


TRIGGER TRIGGER 
1 2 


3. Delivery of the E signal from the computer before 

initiation of the Group D operations. 

It can be readily seen chat if any of these conditions 
occur, firing will almost certainly be delayed by a greater 
than one-second period. For example, if lockon is lost, a 
few seconds will ordinarily transpire before it can be re- 
gained. If lockon were lost after delivery of the B signal, 
less than fifteen seconds would ordinarily remain until 
delivery of the E signal. However, if time expansion oc- 
curred after lockon was lost, the time until delivery of the 
E signal would increase. If there is a possibility of this time 
interval increasing to the extent that it would be equal 
to the time required for lockon to be regained, plus the 
16.4 seconds required for completion of the preparation 
program, then the preparation program should not be 
aborted. The maneuver required to produce this much time 
expansion if lockon is lost after the B signal is most un- 
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Fig. 18. Several interesting cases which develop as a result of the application of the rules governing the vse of the 
trigger to generate GAR-1B missile preparation signals. 
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likely to occur. Thus, if lockon is lost after the B signal, 
a greater than one-second delay in firing will almost cer- 
tainly occur. This being the case, it is better to abort the 
attack immediately rather than permit ic tó continue. On 
the other hand, if lockon were lost shortly after the A 
signal was delivered, there would ordinarily be sufficient 
time for lockon to be regained, and for the preparation 
program to be completed without a greater than one-second 
delay in firing occurring. In this case, then, the missile 
preparation program would be discontinued rather than 
aborted. When lockon is regained, the preparation program 
will be recycled with delivery of the A signal without the 
need for resetting the armament selector switch. 

Similarly, ic can be shown that the remaining two 
abort conditions will result in a greater than one-second 
delay in firing. 


Initiation of Attack Operations During 
Optical Sight Tracking 


As discussed in the armament selector panel portion 
of the cockpit subsystem chapter, only GAR-1B missiles 
can be fired when target tracking is accomplished by means 
of the optical sight in the pure pursuit mode. Only a 
portion of the attack operations listed previously for GAR-1 
missiles are required for GAR-1B missiles. These opera- 
tions are: 

Group A Operations 

1. Missile filament boost voltage on. 

2. Missile filament boost off (after 10 seconds), 
normal voltage on. 

3. Missile electronic package and battery heaters 
off. 

4. Missile auxiliary subsystem plate voltage on. 

5. Activate missile battery. 

Group B Operations 

1. Transfer missiles to internal missile power. 

2. Servo seeker heads of selected missiles to point 
along radar boresight line. 

Group D Operations 

1. Compute missile navigation parameters (r, p). 
2. Open missile bay doors. 
3. Extend missile launchers. 
Group E Operations 
Same as for GAR-1 missiles. 

During pure pursuit attacks, the optical sight reticle 
will be caged to point along the radar boresight line and 
the computer timing signals will not be available for use 
in programing the GAR-1B. missile preparation. For this 
purpose, these signals are simulated by use of the trigger 
switch on the flight stick. In general, the first position of 
the trigger is used to initiate the operations which begin 
when the A, B, and D signals are delivered to the missile 
auxiliaries from the armament control relay assembly and 
the second position of the trigger is used to simulate the 
E signal and so begin the firing operations. However, as 
illustrated here by Figure 18(a), if the trigger is de- 


pressed to the second position initially all four groups of 
operations will begin in succession. Ás shown in Figure 
18(b) if the trigger is depressed to the first position in- 
itially and held in the position indefinitely, all of the above 
Preparatory operations, except Group E, will be accom- 
plished in succession. The laünchers will remain extended 
until such time as the trigger is released. If, instead of 
releasing the trigger, the pilot depresses it to ‘the second 
position [see Figure 18(b)], the Group E (firing) opera- 
tions will be initiated. 

Fourteen-second hold periods clocked by the timer 
are provided after the timing period following the initia- 
tion of each group of operations in order to prolong the 
missile preparation program if the pilot wishes co delay 
firing, but to still keep the missiles in a desired near-ready 
condition. A hold period will be entered after a timing 
period. is completed if the pilot releases the trigger during 
the timing period. [See Figure 18(c).] A hold period 
can be stopped and the next timing period entered by 
depressing the trigger. By releasing and depressing the 
trigger alternately while the timer is operating, then, the 
pilot can hold the missiles in any one of the three pre- 
launch readiness conditions. Or, as shown on Figure 18(d), 
the missile preparation program can be stopped by per- 
mitting the hold period to run out without depressing the 
trigger. When the switch is depressed again, the prepara- 
tion program will be re-initiated beginning with Group A 
operations. During the hold period, the missiles, will be 
held in the readiness condition which existed at the end 
of the ргесед пр timing period. 

The one exception to this is the hold period after 
the D timing period. When the hold period is entered, the 
missile bay doors, which were opened during the D timing 
period, will be closed rather than kept open and the state 
of preparedness will revert back to that existing before the 
initiation of the Group D operations. By depressing the 
trigger to the first position for at least 14 seconds (that 
is, until che Group D operations are initiated) and then 
releasing it, the pilot can completely prepare the missiles 
for launching, accomplish door opening, and partly extend 
the launchers. If he delays depressing the trigger to the 
first position for a moment, the launchers will retract and 
the doors will close. Then, if he alternately depresses and 
releases the trigger in quick succession, he can keep the 
missiles in a final state of readiness. When he depresses the 
trigger to the second position the doors will be fully 
opened, the launchers will be extended and then the Group 
E operations will begin. 

In the pure pursuit mode no means of automatically 
aborting missile preparation is provided. However, the 
preparation can be manually aborted if the armament selec- 
tion is changed or if the armament master switch is re- 
turned to the Safe position. 

On the fold-out page, Figures 19 and 20 and Table I 


` have been included to summarize the missile preparation 


program. 
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TABLE |. OPERATIONS REQUIRED TO PREPARE FALCON MISSILES FOR LAUNCHING 


TITLE OPERATIONS 


I. PREPARATORY OPERATIONS' 


DOM | Missile electronic package and battery heaters on, | 
А. Operations initiated by heating (Ra- 
dar Warm”) period. 


B. ‘Operations initiated by nose wheel re- š External power to missile rate gyros. 


7 2 " 5 + " 
traction. | External power to missile seeker head gyros (42 volts for 2 minutes, then reduce to 
30 volts). 


Missile crystal heater on. 
Missile vibrátots énergized (to prevent stickiness, no power drawn). 


ЇЇ ATTACK OPERATIONS 


Voltage applied to plates of vacuum cubes in missile auxiliary subsystem. 
Missile electronic package and: battery heaters off. 
Missile high filament voleage on (applied for 10 seconds). 

‘Group A : Missile high filament voltage off (at end of 10 seconds) and normal voltage on. 
Radar tuned to pre-selected frequency (fine runing cuts in automatically) *. 
Missile local oscillator pre-positioned’. 
Missile battery’squib fired to activate missile battery (irreversible action). 


All selected missiles transferred to internal power — external power disconnected from 
missile rate gyros, seeker head gyros, filaments, and vibrator; and. internal voltage 
applied. | 

| . Radar prf shifted from 910 pulses per second, jittered, to опе of five missile prf's 

Group.B (2000 pulses per second, nominal ( *. 

Missile range Bate servoing operacion begun’. 
Fine tuning of missile local oscillator begun“. 
Missile seeker head uncaged and servoing begun. 


Missile navigation parameters computed (computation requires a maximum of 0.64 
seconds). ` 


Group.D : Radar transferréd to elliptical polarization. 
ہت‎ Missile bay doors opened (requires approximately 1.2 seconds) and launchers in one 
bay extended: (begins when doors are fully open, requires approximately 1.2 seconds). 
Damping voltage applied to missile local oscillator tuning motor‘. 


The following operations, although initiated by the E signal, are not controlled (with the 
exception of che operations listed beside E) by the missile auxiliaries: 
Intervalometer started, warhead weight release squib activated (irreversible), wave- 
guide shutter released (irreversible) ‘, navigation parameter fuses of first three missiles 
blown (if six:missiles have been selected the fuses of che second three will be blown 
one second later). 
Missile seeket head correction time. 
Ignicer signal delivered to two side missiles in first bay. 
Igniter signal delivered to center missile in first bay. ` 
Group E Time allowed for missiles to clear launchers. 
Rerract first laürichers and extend second launchers. 
Launcher extend time. 
Missile seeker head correction time. 
‘Igniter signal delivered to two side missiles in second bay. 
Igniter signal delivered to center missile in second bay. 
Time allowed for missiles to clear launchers. 
Launcher retraction started. 
Time required for launcher retraction. 
Door closing: started. 


"The necessary power to accomplish these operations is gad dens by the power supply subsystem to the missile auxiliary subsystem power 
switching circuitry. This circuitry processes the a-c power reducing it to the proper amplitude. Ac the radar Warm and nose wheel retraction 
signals this power is properly switched to the correct loads. 


ЗА maximum of seven minutes is required for the full fire control system capability after the system has been "soaked" at —65 degrees Fahr- 
‘enheit. Full fire control system capability is not necessary when GAR-IB missiles are launched from a pure pursuit course. 


"Ат least two minutes must elapse'between позе wheel retraction and initiation of the Group A opérations. 


"Мог applicable to GAR-1B missiles, 3 


roup A Operations - 
Initiated ۱ 
۱ 

i 

Filament Boost — = 


10 seconds* 


1 
Initiated by action switch or A 
signal if two minutes** have 
elapsed from nose-wheel гесгас- 
tion. 


Hold Period 
Filament Normal). 


First 3 Missiles M issiles 
Launchers. Fired, Fired 
Extended ав о 


E Е Ei E E E E E Es Doors 


Group B Closed 
Operations 


Initiated 


4.8 seconds (app.) * ** 


‘Initiated Бу Е signal if launchers are extended and if 1.5 seconds 
Have elapsed berween initiation of the D operations and che 
E signal. | 


seconds 


+—— Initiated by D signal if 4 seconds have elapsed from initiation of 
Group.B:operations, and tf g-limit'switch is closed. 


Initiated.by B:signal if 10.seconds have elapsed from 
initiation-of Group A operations. 


*This period is clocked by the timer: 


* *If che action switch is depressed before this: interval is completed,.ithe Group A opération will not be initiated until interval is complete. 


* * * Most .of these intervals are clocked. by the intervalometer. 


Figure 19 — Sequence of missile preparatory operations controlled (except for firing operations) by missile auxiliaries 
for attacks using radar tracking. 


Group A Operations 
Initiated 


Filament Boost 
10 seconds " 


Initiated by first or 
second position of 
trigger if cwo minutes 
have elapsed from 
nose-wheel retraction 


Hold Period ** 
Filamenr Normal 


Same conditions exist as 
J during previous (24 second) 


1 hold period (i.e. Group D 
1 ۱ operations discontinued ( 
шиг ! -Operaticn. 1 
In үнэр E t Initiated. - Group E Operations (same as for radar attacks) 


Initiated by second position of trigger if launcher 
extension is completed. 
Initiared by first or 
second position of | 
trigger, if 10۵5 
have elapsed from 
initiation of 

Group А opefations.. 


Initiated by fitst or:second position of trigger if 4 seconds have elapsed from 
initiation of Group B operations and if g-limit switch is closed. 


*This period is clocked by the timer. 


* * A hold period is entered if trigger is released. from. first position during the-previous timing period. 


Figure 20 — Sequence of GAR-1B preparatory. operations initiated by trigger signals and controlled (except for firing 
operations) by missile auxiliaries during attacks using optical sight tracking in pure pursuit mode. 
"m 
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C. COCKPIT SUBSYSTEM 


All controls necessary for operation of the MG-10 
system are contained in this subsystem. In addition, certain 
information derived from the radar and computing sub- 
system, the fighter identification system (if added), and 
the data-link subsystem is presented on the radar indicator. 


MR PEST ҚЫ 


CAT е. 
fer 
fe 


KI 


ЁС: 


Data-link information concerning target altitude is pre- 
sented on the target altitude meter. Radar antenna position 
information is coupled to the servoed optical sighthead to 
affect the reticle position. The locations of the various 
components of the cockpit subsystem are shown in Figure 1. 
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Fig. 1. Location of the MG-10 cockpit subsystem components in һе cockpit of the F-102A. 


Fig. 2. Radar set control panel. 


Radar Set Control Panel 


This panel is shown in Figure 2. It consists of the 
master power switch and the radar range and mode selector. 
The functions of the master power switch are: 

OFF All power off. 

WARM Power applied to a minimum 
of equipment to keep the 
weapons system in a ready 
condition for prolonged pe- 
riods. This is the recom- 
mended mode for interceptors 
on two-minute alert status. 

ON Full power applied to system. 

STANDBY Essentially the same as ON, 
except thar radar is not trans- 
mitting, and the radar an- 
tenna is deflected down to 
clear the automatic instru- 
ment landing approach sys- 
tem (AILAS) glide slope an- 
tenna. 

The functions of the radar range and mode selector are: 

6-MILE or 30-MILE Place the 6-mile ог 30-mile 

range sweeps, respectively, on 
the radar indicator, and cause 
the 6-mile or 30-mile edge 
lights, respectively, above the 
scope face. to become illumi- 
nated. Used for search and 
attack. 
Place the 200-mile sweep on 
the radar indicator. Used for 
radar ground mapping navi- 
gation mode and radar beacon 
navigation made. Nor possible 
to make an automatic radar 
attack in either mode. 


200-MILE MAP or 
200-MI. BCN. 


Antenna Scanning Control Panel 


As shown in Figure 3, this panel contains two con- 
trols, the antenna scan elevation control and the antenna 
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. scan azimuth control. - 
"With the antenna scan elevation control in the UP 


position the center of the antenna elevation ‘scan can be 
varied up to a maximum of 35° above the antenna hori- 
zontal reference plane. In the DOWN position. іс сап be 
varied up to а maximum of 15° below the reference plane. 
The antenna scan azimuth control provides selection 
of four azimuth scan patterns with respect to the antenna 
vertical reference plane, as follows: 
“L” (left) 70° left to 10° right 
"C" (center) 40° left to 40° right 
“В” (broad) 70° left to 70? right 
7R" (right) 10? left to 70? right 


. Radar Indicator 


This unit consists essentially of а 5-inch two-gun 
cathode ray tube, a plastic impregnated fiberglass dust 
cover, and a polaroid light filter. The face of the radar 
indicator is shown in Figure 4. 

Edge-lighted lettering (OPENING, CLOSING, 3, 6, 
and 9) on the opaque rim and radial lines on the trans- 
parent center of a plastic overlay which covers the scope 
face form the permanent portions of the radar display. 
Edge lights on top of the indicator face indicate, by being 
on or off, whether the maximum range of the Sweep trace 
is 6 or 30 miles. Six scope adjustments are located around 
the periphery of the indicator. The two grooved knobs on 
the left and right lower half of the indicator are pilot 
adjustments which are rotated to control the intensity of 
the beam from the attack gun and search gun, respectively. 
A portion of each of these knobs extends through slots 
in the dust cover for manipulation by the pilot. The screw- 
driver adjustments on the top portion of the indicator face 


are for ground crew use in adjusting the focus of each 


gun, and for an astigmatism correction and toral tube 
current adjustment. The polaroid filter (not shown) covers 
the entire indicator face. The adjustment arm extends 
through a slot in the düst cover for manipulation by che 
pilot. When fully rotated for night operations the filter 
permits only the red portion of the scope illumination to 


Fig. 3. Antenna scanning control panel. 
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Fig. 4. Face of radar indicator. 


pass, thereby preserving the pilot’s adapration to the dark. 

The search gun is used for writing the conventional 
B-scan search display, and the attack gun is used to write 
the artificial horizon indication and for writing either the 
data-link display or the attack display. The artificial horizon 
indication and the various other indications peculiar to 
either the attack or dara-link displays are time-shared. 

The indications that are displayed during the various 
phases of operation are as follows. 


Interception or Search Phase 


During the interception or search phase, which is the 
condition in which the radar is operating in either the 
6-mile or 30-mile range and the action switch on the left- 
hand grip of the flight stick is not depressed, the following 
indications (see Figure 5) are displayed if the dara link 
is not in operation: 

(a) Artificial horizon. 
(b) B-scan search trace showing target video (if present). 

If the data link is in operation, and either the 6-mile 
or 30-mile range sweep or the 200-mile range sweep is 
being used, che following indications will also be displayed: 
(a) Azimuth steering error dot —- This indication occurs 
only along the horizontal diameter of the screen. 

(b) Time circle — This element, which is centered on the 
display, appears when indicated time to the offset point is 
127 seconds. At this time the circle is ас its maximum 
diameter of 3 inches. The diameter of the circle decreases 
linearly with time:to-go to offset point. When the offset 
point is reached tha trace is removed from the screen. 

(c) Target marker circle — This is а l-inch ring whose 
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displacement from the center of the display represents 
the range and azimuth of the target relative to the inter- 
ceptor. For azimuth values in excess of + 70°, or for ranges 
in excess of the selected range scale (this circle does not 
appear on the 6-mile range), the circle is maximally de- 
flected to indicate saturation with respect to the raster area. 
If the validity of the dara-link information is uncertain, 
and if the Stage 1! conditions are present, this element 
will be removed from the display and will not reappear 
until valid information is available. If this condition occurs 
after Stage 2 has been entered, the target marker circle will 
be transformed into a pair of vertical lines spaced one inch 
apart, The mid-position bracketed by the lines corresponds 
to the last remembered target bearing in azimuth. The lack 
of range bracketing indicates invalidity of range information. 


Lockon Phase 


During the lockon phase (see. Figure 6), in which 
the radar is operating in the 6-mile or 30-mile search 
range and the action switch is depressed, thereby placing 
the system in manual search, the following indications will 
be displayed: 

(a) Artificial horizon 
(b) Range sweep line showing video signals 
(c) Range gate cursor 

These indications will also be present if the lock-on 

operation is conducted when the armament selector switch 


1Stage 1 is entered when data-link information 15 first received, 
and ends when Stage 2 is entered. Stage 2 begins after the turn 
through the offset point and when the azimuth steering error is 
reduced to some predetermined value, and ends with target acqui- 
sition. 
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Fig. 5. Search and data-link presentation on 
radar indicator. 
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on the armament control panel is in the SNAKE position. 

If the data link i$ in operation the data-link azimuth 
steering error dot will also be present, and if the radar is 
operating in the 30-mile search range the target marker 
circle will also be displayed. As the lock-on operation is 
ordinarily not begun until after the offset point has been 
passed, the time circle will not be displayed during this 
time. 


Radar Attack Phase 


During the radar ateack phase (see Figure 7), which 
begins when radar lock-on is achieved and the action 
switch is released, the following indications will be dis- 
played: 

(a) Artificial horizon 

(b) Range sweep line showing video signals 

(c) Range gate cursor (now coincident with the target 
video) 

(d) Range circle 

The circle has a gap used to indicate by its radial 
position the opening or closing rate between target and 
interceptor. The actual numerical value of this rate can 
be estimated by means of the position of the gap relative 
to the edge-lighted numerals and small radial lines on the 
overlay. These are calibrated in hundreds of knots. When 
rOckets are selected this circle will remain at its maximum 
diameter of 3 inches until the range diminishes to: 5000 
yards, and when missiles are to be fired it will remain at 
its maximum diameter until the range diminishes to 
25,000 yards. 

(e) Steering reference circle. 
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Fig. 6. Scope presentation during lock-on operation with 
data-link information being presented. 


46 


REFERENCE 
CIRCLE 


ERING DOT 
(CENTERED) 
р - 


Fig. 7. Vorious scope presentations appearing during а 
radar lead-collisian attack or SNAKE operation. 
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This circle will remain at a maximum diameter of 14 
inch until the time-to-go diminishes to 20 seconds (for the 
rocket lead-collision or Snake modes), or until the missile 
B prelaunch timing signal (if missiles have been selected), 
after which time it collapses to 1⁄4 diameter. It remains at 
this diameter until che pull-out warning indication ap- 
pears. 

(f) Steering error dot 
(g) Pull-out indication 

This pull-out indication (a cross) appears in the 
center of the display, replacing the attack display when 
the rocket-firing signal or a collision-warning signal is 
delivered, or if missile preparation is aborted. When mis- 
siles are fired it appears three seconds after the missile- 
firing signal is delivered. In the first cases this indication 


will remain on the screen until radar lockon is broken, ARTIFICIAL “Ж Р” ud EXPAND | 


after which the system will automatically return to auto- HORIZON ч. НИЙ STROBE 
matic search, In the last case the indication remains until 

armament 18 reselected. or the system is returned to auto- 
matic search. 


d 5 
Ground Map Phase Fig. Фа). Scope presentation showing beacon replies. 


During the ground map phase (see Figure 8), the 
following indications will appear: 
(a) Artificial horizon 
(b) B-scan search trace showing video signals During the ground beacon phase, which is illustrated 
By moving the IFF-Beacon Expand switch on the by Figures 9(a) and (b), the following indications will 
flight stick to the EXPAND position, it is possible to be displayed: 
expand over the entire display the 20-mile portion above (a) Artificial horizon 
the marker. (b) B-scan search trace showing video from ground beacon 


Ground Beacon Phase 
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Fig. 9(b). Scope presentation showing expanded beacor 
Fig. 8. Scope presentation during ground"map phase. : replies. 
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For ease in identifying ground beacons it is possible 
to expand the replies, as shown. in Figure 9(b), by mov- 
ing the range rnarker just under the unexpanded response, 
and by moving the IFF-Beacon Expand switch to the 
EXPAND position- —-—-—---— ~~ 

Although it is not possible to lock on to a target or 
beacon in the ground map or ground beacon modes, it 
is possible to searchlight a target or a beacon by means of 
the antenna hand control. 


Left-hand Indicator Control Panel 


This panel (see Figure 10) contains (a) & spring- 
loaded push button labeled ANTI-JAM that causes the 
frequency of the tunable magnetron to be varied within the 
limirs of the search frequency band, and (b) a control to 
adjust the pitch indication of the artificial horizon presenta- 
tion. Pressing this control will cause che vertical gyro to 
fast erect. 


Right-hand Indicator Panel 


This panel (see Figure 11) contains (a) a two-posi- 
tion toggle switch that provides for selection of either the 
normal operation of che radar or the anti-clutter feature, 
and (b) a control which varies the gain of the radar re- 
ceiver for optimum video brightness on the radar indicator. 


Flight Control Group 


This control (see Figure 12) is a dual-head flight 
control stick, and comprises two hand grips mounted on 
a yoke attached to the aircraft flight stick. The configura- 
tions of the two grips, their respective functions, and the 
functions of the yoke controls are as follows. 


Right-hand Control 


This element is the usual flight stick control head 
attached to the aircraft flight stick. It is similar to the Air 
Force B-9 control, and houses the following switches: 


(a) Armament trigger — This control, a 3-position spring- 
loaded trigger switch, is effective only when the nose wheel 
is retracted and the arming switch on the armament control 
panel is set to ARMED, and when the system is in the 
optical modes, or when either crigger salvo position has 
been selected on thé armament control panel. Pressing the 
trigger from the normally open position to the first closure 
position opens the doors and extends the launchers if the 
selected armament is loaded on the launchers. If GAR-1B 
(optical) missiles have been selected, extension is delayed 
approximately 16 seconds to allow for missile preparation. 
The second closure position will fire the armament 
selected. Again, in the case of GAR-1B missiles, it is neces- 
sary that the missile preparation be completed before firing 
can occur. The chapter on the missile auxiliary subsystem 
contains a more complete description of missile firing. 
(b) Manual mode trigger — This switch, operated by the 
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Fig. 10. Left-hand indicator control panel. 


second and third fingers, is interlocked with all modes of the 
AFCS (automatic flight control subsystem ). 

In the AFCS pilot-assist mode, pressing the trigger 
places the aircraft in manual control; releasing it causes 
the pilot-assist function to operate so that the aircraft 
maintains the attitude or heading prevailing at the time 
of release. The altitude hold provision must be selected 
after release of this trigger. 

In the AFCS attack mode, automatic control is initiated 
after lockon, providing an armament selection has been 


made, and providing the manual mode trigger is not de- 


pressed. Pressing the manual mode trigger at this time 
will return the aircraft ro manual control; releasing it will 
restore the AFCS subsystem to the attack mode providing 
lockon has been maintained and the selected armament has 
not been. fired. 

Operation in the pilot-assist or attack modes is con- 
tingent upon the selector switch on the AFCS panel, (flight 
mode remote switching control panel), being in the AFCS 
position and the pitch and yaw dampers being engaged, 
Operation in the AILAS mode requires that, in addition, 
the AILAS switch be in the AILAS position. Additional 
information concerning AFCS controls is contained in the 
last, (flight mode remote switching control), section of 
this chapter. 


(c) Emergency manual. switch— This is a SPST momen- 
tary contact, normally closed button switch. Actuation of 
this switch disengages the AFCS subsystem and the pitch 
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Fig. 11. Right-hand indicator control panel. 
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and yaw damper, and places the aircraft in direct-manual 
mode. 


(d) Trim button — This is a thumb-operated, 5-position, 
momentary contact, normally open switch. In the manual 
mode, this button serves to trim the aircraft in pitch by 
longitudinal movement and in roll by lateral movernent. 


Fig. 12. MG-10 dual-grip flight 
control stick. Yoke of the flight 
control group attaches to aircraft 
flight stick. 
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When used with the pilot-assist mode of the AFCS it 
Serves as a vernier rate input of pitch and bank attitude 
to the subsystem. 


(e) Microphone and nose wheel steering switch — This 


is a thumb-operated, SPST, momentary contact, normally 
open button switch. It is interlocked wich the nose landing 


gear to provide a dual function. Pressing the button when 
the nose wheel is down, loaded, and at a turn angle of less 
than 55° provides for pilot control of nose-wheel steering; 
at other times the button provides for microphone control. 
(A second microphone button is provided on the throttle, 
so that the pilor is at no time without communication 
facility.) 


Left-band Control 


The left-hand grip is called the radar antenna hand 
control. This grip, which pivots about its base, is spring- 
loaded and returns to its neutral (vertical) position when 
not in use. With the control in neutral, the antenna points 
forward at an elevation angle determined by the setting of 
the elevation control (see below). When the action switch 
(see below) is depressed, the antenna azimuth position 
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and range gate position are slewed to the position of the 
hand control. Left and right movements of the hand con- 
trol produce corresponding left and right movements of 
the antenna. Forward and backward movements produce 
corresponding upward. and downward movement of the 
range gate (in the 6-mile or 30-mile search mode) or of 
the strobe (in the ground map or beacon mode) on che 
radar indicator. The range gate may be moved ourward in 
range up to 15 miles; the strobe may be positioned to 
represent ranges of from 5 to 200 miles. The grip houses 
the following switches: 


(a) Action switch — This is a spring-loaded SPDT trigger 
operated by the index finger. When pressed, the trigger 
transfers control of the antenna from the automiatic 
scanning circuits to the hand control, and, if the system is 
in the 6-mile or 30-mile search modes, causes the range- 
rate to appear on the radar indicator. With the system in 
the 6-mile or 30-mile search modes, and after a target has 
been spotlighted in azimuth, elevation, and range, release 
of the action switch initiates automatic tracking, 

In che 200-mile navigation modes, the lock-on circuits 
are not energized, and target acquisition is not possible. 
The strobe is displayed at all times, even though the action 
trigger is not depressed. 


(b) Elevation control — This is a thumb-operated roller 
control which varies the elevation angle of antenna radia- 
tion over а + 6° angle. The elevation roller provides 
vernier control of the ELEVATION scan switch on the 
antenna scanning control panel. 


(c) IFF-beacon expand switch — This is a thumb-operated 
SPDT roller switch used for target interrogation, air-to-air 
beacon, and radar beacon display expansion. 

In all system modes; the lower position of the switch 
provides for air-to-air beacon operation, resulting in intensi- 
fication or blooming of che echoes of responding targets 
on the indicator screen. 

When the system is operating in 6-mile or 30-mile 
search or in automatic track mode, the upper position of 
the switch provides for IFF interrogation, resulting in 
blanking of the echoes of responding targets on the screen. 

When the system is operating in the 200-mile navi- 
gation modes, placing the switch in the upper position 
causes the 20-mile portion of the display extending out- 
ward in range from the strobe co be expanded over the 
entire display. As the display is equal to 200 miles, a 
10-to-l expansion of che 20-mile portion is achieved. 

Both the upper and lower positions of the switch are 
momentary-control; in either position the system anti- 
clutter circuits are disabled. 


(d) Return-to-search switch — This is an SPST momen- 
tary contact, normally closed switch operated by the index 
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finger. It functions to disconnect the antenna-positioning 
circuits Ном manual or automatic tracking control (there- 
by breaking lockon), and to return the antenna to the 
automatic search scan program. 


Yobe Controls 


(a) Manual lock control— This is a mechanical latch 
mounted in the yoke of thé dual-head flight control stick 
assembly. The latch is moved forward to free the left-hand 
grip. for antenna control functions; it is moved aft to lock 
the grip in its neutral position. 


(b) Nose-tail switch — This is an SPST toggle switch 
which functions to provide manual control of the nose-tail 
relay in the synchronizer prior to lockon. It is used to 
facilitate lockon to a chaff-dispensing target. In the forward 
(NOSE) position it selects the leading edge of the target 
echo for tracking. In the aft (TAIL) position it selects the 
trailing edge of the echo for tracking. In normal use the 
NOSE position would be selected when the radar line of 
sight was in the target's forward hemisphere, and TAIL 
when the radar line of sight was in the targets rear 
hemisphere. 


(c) Optical sight cage-uncage switch — This is an SPST 
toggle switch, furnished as part of the provisions for a de- 
flection-type optical sight, and is mounted on the yoke of 
the dual-head flight control stick assembly. In the CAGE 
position, the switch provides for caging the radar antenna 
along the antenna reference line, providing an optical 
mode has been selected on the armament control panel. 
With the switch in the UNCAGE position (and the sight 
reticle maintained on the carget), the gyros on the antenna 
will sense the rate of change of the line of sight, and will 
serve as an input to the computing system to derive the 
appropriate lead angle. 


Target Altitude Indicator 


This meter (see Figure 13) is used to display target 
altitude above sea level (up to 60,000 feet) as received 
over the data link. 


Armament Control Panel 


This panel (see Figure 14) is not part of the MG-10 
system, but as selections made on it affect operation of the 
МС-10 system and che entire armament control system 
(which includes certain MG-10 components), it will be 
discussed in detail. In brief, selections made on this panel 
are used in the weapons system to make a variety of arma- 
ment decisions. 

The armamenr master switch has two positions, 
ARMED and SAFE, which affect system operation in a 
manner which depends on the setting of the armament 


selector switch. If the armament master switch is in the 


ARMED position, the armament selector switch permits 
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selection of a number of rocket salvos, selection of SNAKE 
operation, and selection of a number of missile salvos. 
The four rocket salvo positions of the armament selec- 
tor switch and their functions are as follows: 
(a) Trigger salvo — This position provides for emergency 
salvo firing of all rockets when the stick trigger is depressed. 
(b) OPT — This position selects all available rockets (up 
to 48 maximum), and permits activation of all circuits 
necessary for the firing? of rockets with the optical sight 
and trigger. If the pilot steers to keep the optical reticle 
on target, the aircraft will fly approximately a lead-pursuit 
course. | 
(c) 48 — This position provides for firing of all available 
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Fig. 13. Target altitude meter. 


rockets (up to 48 maximum) by radar only. By flying che 
interceptor so as to keep the steering dot centered, che 
pilot will fly a lead-collision course. 

(d) 24— This position provides for firing of 24 rockets 
by radar only on a lead-collision course. 

In the snake position, no armament preparation will be 
made. However, all armament circuits requiring longer 
than 15 seconds со reach operating condition shall remain 
on. By keeping the steering dot on the radar indicator at 
the center of che screen, the pilot will fly a lead-pursuit 


*Rocket firing is discussed in the appendix of this chapter. 


Fig. 14. Armament control panel 
permits selection of several types 
of rocket and missile attac':s. 


course. 
The four missile salvo positions of the armament 


selector switch and their functions are as follows: 

(a) 3 RAD — This position selects опе GAR-1 missile 
bay, if available, to be fired? by radar only on a lead-collision 
course, 

(b) ALL— This position selects all missiles available, to 
be fired by radar only from а lead-collision course. 

(c) 3 OPT — This position selects one GAR-1B missile 
bay. if available, for firing, and permits operation of all 
circuits necessary for preparing and firing of GAR-1B mis- 
siles by optical sight guidance from a pure pursuit course 
and manual stick trigger, proving radar lockon has not 
occurred. If the radar is locked on the targer, radar guidance 
and armament preparation signals shall govern the firing 
of the GAR-1B missiles selected. 

(d) Trigger Salvo — This position provides for manual 
emergency firing of all missiles when the manual stick 
trigger is depressed. Certain missile preparation functions 
are bypassed, and missile guidance by the radar is prevented. 

If the armament master switch is on SAFE, the arma- 
ment selector switch has the following functions. 

The positions described in the rocker TRIGGER 
SALVO and the missile TRIGGER SALVO may be selected, 
but firing circuits cannot be energized. 

Rocker release positions OPT, 48, and 24 and missile 
release positions 3 RAD, ALL, and 3 OPT perform the 
same functions as when the ARMED position is selected, 
except that no armament-firing circuits are energized and 
no preparation signals are delivered to the armament. 
Steering signals shall be delivered from the computer. 
These positions, with the master armament switch in SAFE, 
are primarily co be used for test and practice, and to 
command either rocket or missile lead-collision course 
steering signals to be delivered from the computer or to 
activate the optical sight without firing of armament. 

The functions of SNAKE remain as described pre- 
viously, except that no armament circuits are energized. 


"Missile firing is discussed in the appendix of this chapter. 
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Servoed optical sighthead. 


The availability indicator provides three indications. 
One indication appears as the word OK, another indication 
appears as the word NO, while the third indication is a 
blank. 

The OK indication will appear under the following 
conditions: 

1. When rockets are selected (that is, when the arma- 
ment selector switch is in the OPT, 48, or 24 position), 
and if rockets аге on board.* 


3Actually,.the OK indication will appear when the armament 


selector is in the OPT, 48, or 24 position, and if the rocker inter- 
valometer is in a position. to fire rockets. Опе way in which the 
intervalometer сай be placed in position to fire rockets is by plac- 
ing the selector switch in the rocker TRIGGER SALVO position. 
Thus, if all rockets have been fired and the selector switch is placed 
in the rocket TRIGGER SALVO position and repositioned to one 
of the other rocket positions, the availability indicator will register 
OK, even though no rockets are available. 
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2. When the armament selector switch is in the 3 RAD 
missile position, and if there is at least one GAR-1 missile 
on board. 

3. When the armament selector switch is in the ALL 
position, and there is at least one missile, either GAR-1 or 
GAR-1B, on board. 

4. When the armament selector switch is in the 3 OPT 
missile position, and GAR-1B missiles are loaded exclusively 
in either bay or both bays. 

The availability indicator will register NO for all 
other conditions. The blank indication will appear when 
the armament selector switch is in the SNAKE position, 
regardless of whether any armament is on board. 

The LAUNCHERS EXTENDED warning light is 
mounted adjacent го а push-ro-retract switch. If, for any 
reason, a missile fails to leave the launcher when a firing 
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Fig. 15(a). Data-link GC! channel selector control panel. 


signal has been delivered to that missile, the launcher is 
not retracted automatically, and the light comes on to indi- 
cate that a launcher remains extended. Thus, che light 
indicates that an abnormal condition exists. If a decision 
is made that it is safe to fetract the launcher and close the 
armament bay doors, this may be initiated by pushing the 
push-to-retract button. This will extinguish the LAUNCH- 
ERS EXTENDED light when the doors have closed. 


Servoed Optical Sighthead 


The optical sight head, which is mounted on the 
windshield above rhe radar indicator, contains а re- 
tractable combining glass which may be lowered into 
position when desired. Two controls are included on the 
rear of the sighthead, the one on the left being a reticle 
brightness control, and the other being a four-position target 
selector switch. When the latter control is positioned to 
correspond. to the class of target being engaged (such as 
B-29 type, B-52 type, etc.), a fixed range voltage and an 
interceptor-target overtake speed voltage will be introduced 
into the Universal Computer for rocket firing attacks, and 
the overtake speed voltage will be introduced into the "r^ 
parameter computer in the missile auxiliaries for missile- 
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Fig. 15(b). Data-link subcarrier channel selector 
control panel. 


firing attacks. This switch also selects a reticle pattern which 
has a size corresponding to the span of the target's fore- 
shortened wings at the range at which firing will take place. 


‘The reticle pattern consists of a center dot and two con- 


centric circles which are projected on the combining glass. 
As this display 15 focused at infinity, parallax effects are 
negligible. The inner circle is used for missile-firing attacks, 
and the outer reticle is used for rocket-firing attacks. 

In making a rocket-firing attack using the optical 
sighthead for tracking the target, the pilot will position the 
armament selector switch to OPT, visually identify the 
target as to type, and set the target selector switch to a 
position corresponding to this identification. This position 
of the armament selector switch will cause the antenna to 
be taken out of automatic search and to be driven so as to 
point along the radar boresight line, and cause the reticle 
display selected to appear on the combining glass. After 
tracking the target briefly to build up angular rate voltage 
from the antenna gyros, the pilot then moves the CAGE- 
UNCAGE switch on the flight stick to the UNCAGE posi- 
tion. The Universal Computer output then causes the 
antenna (and, therefore, the reticle position which is slaved 
to the antenna) to be precessed to a certain lead angle. 
The pilot continues to track the target by keeping the reticle 
display on the target. When the target’s foreshortened wings 
are bracketed by the outer reticle, the pilot will normally 
depress the trigger to the first position to open the armament 
bay doors and extend armament. After steering out tran- 
sients, the pilot will depress the trigger to the second posi- 
tion, and the rocket-firing signal will be delivered to the 
armament control system intervalometer to begin proper 
ripple firing of rockets. 

In making a missile-firing attack using the optical 
sighthead, the рог Ш move the armament selector switch 
to the 3 OPT position. The operation is exactly the same 
as for rocket attacks, except that the reticle display will 
remain positioned along the radar boresight line regardless 
of the position of the CAGE-UNCAGE switch on the flight 
stick. As no lead angle is generated, the aircraft will be 
flown on a pure pursuit course if the target is tracked 
properly. When the trigger is depressed to the first position 
certain missile-preparation operations (discussed in the 
last section of the missile auxiliary subsystem chapter) will 
be initiated, at the end of-which time the bay doors will be 
opened and the launchers extended. When the trigger is 
fully depressed, the missile-firing signal will be delivered to 
the aircraft intervalometer to initiate missile firing. | 


Data-link Control Panels 


The data-link cockpit controls, as shown in Figure 
15(a) and (b), consist of the GCI channel-selector control 
panel and the subcarrier-channel selector control panel. The 
former panel is used to select any one of 20 preselected 
data-link channels. Each of these channels includes pro- 
visions for one voice channel and 25 data subchannels. The 
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Fig. 16. Flight mode remote 
switching control. 


latter panel is used to select any one of these 25 subchannels, 


Flight Mode Remote Switching Control 


The flight mode remote switching control panel, as 
shown in Figure 16, has the following four controls: a 
damper engage switch, an AFCS switch, an AILAS switch, 
and an altitude hold switch. (A data-link switch to engage 
а data-link mode is also being considered, but no definite 
information is available at the time of writing.) 

The damper engage switch determines whether the 
pitch and yaw dampers are in the control circuit. In the 
direct setting the dampers are out of the control circuit. 
In the manual setting the dampers are engaged. Automatic 
flight is possible only if the dampers are engaged and the 
MG-10 system is in STANDBY or ON operation. The 
latter requirement stems from the fact that there is only 
one power supply for the MG-10 system. 

The AFCS switch engages che automatic flighe control 
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subsystem. There are three modes of automatic flight: 
attack, landing approach, and pilot assist, When the switch 
is in the AFCS position (1) the system will automatically 
go into the attack mode upon lockon, (2) the system will 
go into the landing approach mode when the AILAS 
switch is engaged, otherwise (3) the system will go into 
the pilot assist mode. 

In che pilot assist mode the AFCS holds either the 
heading or bank angle and the altitude or pitch attitude 
of the aircraft. The heading is held if the wings are level 
to within 5° when the AFCS is engaged; the bank angle is 
held if the wings are tipped more than 5° when the AFCS 
is engaged. Whether altitude or pitch attitude is held 
depends on the setting of the altitude hold switch. The 
altitude hold switch can be engaged only after the AFCS 
is engaged. Pitch attitude and/or bank angle can be ad- 
justed while they are being held by means of the elevon 
trim control on the flight stick. 
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ROCKET LOADING AND FIRING 


The F-102A has provisions for loading rockets in the 
bays? (if missiles are not loaded) and in four of the bay 
doors. Thirty-six rockets can be loaded in each bay, and 24 
rockets can be loaded in the doors, for a total of 96 rockets. 
The bay rockets are loaded in pods, 12 to a pod, and each 
pod is connected to one of the six launchers in place of a 
missile, The door rockets are mounted in tandem in three 
rows, six to a door. When the forward rocket in a door 
tube is fired, chis rocket upon leaving the tube causes a 


Elimination of the capability of loading rockets in the bays is 
now being considered. When this is effected the armament selector 
switch on the armament control! panel will be modified accordingly. 
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switch to be closed, thereby permitting the intervalometer 
firing signal which fires the aft rocket in that tube to be 
delivered to the aft rocket. The only armament combina- 
tions not compatible with the armament control system 
are missiles loaded in one bay and rockets loaded in the 
other bay, or rockets and missiles loaded in the same bay. 
Two practical armament loadings will ordinarily be used: 
6 missiles and 24 rockets or no missiles and 96 rockets. 
If 24 rockets are loaded, they can be fired if the armament 
selector switch is in the OPT, 48, or 24 position. The 
rocket-firing program for a full load of 96 rockets is 
shown in Table I. 
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Missile Loading and Firing 

Missile bay selection is dependent on the setting of 
the armament selector switch:and the loading of the missile 
bays, and is mechanized in accordance with the following 
rules: 

1, If a salvo of 6 is fired, the aft bay will be fired first. 

2. If a bay has any GAR-1 (radar) missiles, it is con- 
sidered to be a "radar" bay. Thus, if there is à mixed load 
in both bays and 3 OPT (GAR-1B) missiles are selected, 
the selection will not be fired. 

3. Both bays cannot be fired separately by the same 


position of the selector switch, unless rhe selector switch is 
reset between passes, even though the loading of both bays 
is the same, Thus, for example, if the selector switch were 
placed on 3 RAD for the first pass, and И were desired 
to use the same selection for the second pass, the selector 
switch would have to be reset. 

4. Because of the possibility of GAR-1B missiles lock- 
ing on to the hot exhaust of che first group of a selected salvo 
of 6, the second group of 5 will not be fired if it contains 
one or more of this type of missile. Thus, if any GAR-1B 
missiles are loaded їп the forward bay, and the aft bay is 
loaded and ALL missiles are selected, only the aft bay will 
be fired. 

5. If the selector switch is in the ALL position, at least 
one bay will be fired. If both bays are loaded, both bays 
will be fired, except as noted in the preceding paragraph. 

The above rules are tabulated in Table II so as to 
show the indication of the availability annunciator for 
each of the three missile positions of the selector switch. 
An OK registéred on the availabiliry indicator indicates 
that an appropriate missile selection has been made and 
that missiles can be fired. 
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D. POWER SUPPLY SUBSYSTEM 


The all-weather tnterceptors presently being designed 
require a large amount of electronic equipment, This. equip- 
ment generally includes many critical circuits. Consequently, 
a heavy load of closely regulated d-c power is required. This 
power must be supplied at a minimum cost in weight and 
space, for in modern aircraft these are both at a premium. 

While regulated d-c power supplies, using a conven- 
tional transformer-rectifier arrangement. with series-type 
electronic regulation, can meet the electrical requirements of 
modern electronic equipment, the size and weight of such 
equipment becomes prohibitive at the higher power levels. 
Further, because of the large amount of power dissipated 
by the conventional types of power supplies, weight in the 
form of cooling equipment must be added elsewhere. There- 
fore, in recent years it has become evident that a new ap- 
proach to the power supply problem is necessary—an 
approach concerned largely with securing high efficiency, 
small size, and great reliability. 

The power supply for the MG-10 aircraft and weapon 
control system (for the F-102A) is a first step in this 
direction. It consists essentially of an air-cooled motor- 
generator unit comprising a 3-phase, 400-cycle induction 
motor driving three d-c generators. The four components 
are mounted on one shaft. The outputs of the generators 
are regulated by three carbon-pile voltage regulators, five 
"Clampac'" electronic regulators, and two series-type elec- 
tronic regulators, to provide the following voltages: + 300, 
+250, +150, and — 250 volt.* 

The 28-volt d-c power is connected to each field of 
the three generators through a carbon-pile regulator. The 


*The supply also includes filters, circuit breakers, and control 
relays for the distribution of 400-cycle and 28-volt d-c power from 
the aircraft's generators to various portions of the MG-10 system, 
The 3-phase a-c power from the aircraft alternator is connected to 
а junction-box where each phase is filtered to reduce noise. Each 
phase is divided into several lines, each line being connected to a 
circuit breaker. The lines are then ‘coupled to a relay box for con- 
trolled distribution throughout the MG-10 system. Twenty-eight 
volt d-c power from the aircraft generator is. connected to another 
junction box, filtered to reduce noise, and routed to various portions 
of the MG-10 system by relays. Circuit breakers protect the circuits 
from overloads, 


resistance of each regulator is controlled by the high-voltage 
output of the generator to which the carbon pile is con- 
nected. Thus, if the terminal voltage of a generator changes, 
the current through the solenoid of the carbon pile will also 
change, producing a change in pressure on the carbon pile 
and thereby varying its resistance accordingly. The resist- 
ance change in the carbon pile will vary the field current of 
the generator in such a manner that the terminal voltage 
will tend to remain at the normal value. 

This feedback loop is fairly slow acting because of the 
high inductance of the generator's field. Hence, further 
high-frequency regulation is required. This is provided by 
the Clampac regulators. These are a Hughes development, 
the name being suggested by the fact that they effectively 
clamp the output voltage of the generators against a-c load 
and line changes. The Clampac may be described as a com- 
bination of both ‘series and shunt-type electronic regulators. 
The shunt tube conducts when the output voltage of the 
generator tends to increase, thereby bringing the voltage to 
normal. The series tube conducts when the output voltage 
of the generator tends to decrease. RC networks prevent 
these tubes from responding to slow variations. The 
Clampacs provide regulation against such high-frequency 
effects as commutator ripple in the generator outputs and 
transients caused by varying loads of the MG-10 system. 

Since requirements for -+150-volt d-c power are rela- 
tively small, this voltage is provided in the conventional 
manner by coupling the output of the + 250-volt supply 
through a séries regulator. 

Protection of the MG-10 system against overvoltage 
and loss of bias is provided by overvoltage relays and intér- 
lock relays. If the output voltage of one of the generators 
should suddenly rise to a dangerous value as a result of the 
carbon-pile voltage regulator losing control because of an 
open circuit occurring in the sensing loop, for instance, a 
relay would be energized which would disconnect the 28- 
volt d-c power from the field of the generator supplying 
the voltage. If bias should be lost on the MG-10 system 
-through a failure of the — 250-volt line, the output voltage 


MG-10 Power supply. 
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£ all the 250-volt and 300-volt Clampacs would be cut off MG-10 POWER SUPPLY CHARACTERISTICS 
o prevent damage to the system. Similarly, if the +250- 

rolt output should be interrupted, the + 300-volt output INPUTS 200 volts, 400 cps, 3%, ас 

would be cut off. The overvoltage relays should only be 28 volts, dc 

reset on the ground after correction of the condition causing 

the overvoltage to occur. The other protective relays will OUTPUTS +300 volts, 1 ampere, dc 

reset automatically when conditions return to normal. + 250 volts, 3 amperes, dc 


The MG-10 power supply is a significant step forward 
in airborne power supplies. It is estimated that as a result 


— 250 volts, 1 ampere, dc 
+ 150 volts, 1 ampere, dc 


of the somewhat novel design employed in this supply, a 


saving of fifty percent of the weight and a substantial in- WEIGHT — 100 Ibs (approximately Including 
crease in reliability have been achieved over a comparable regulation 
SIZE 2 cu ft (approximately) equipment 


power supply of conventional design. 


е 


28-VOLT D-C DISTRIBUTION ТО MG-10 SYSTEM 
200-VOLT 400 CPS 34d DISTRIBUTION ТО MG-10 SYSTEM 


i 
۱ 
" E 


سے 


200 VOLTS 


INTER- +15 
400 CPS CONNECTING MOTOR CLAMPAC . 9 a 
ad AND REGULATED 


RELAY BOX 


28 VOLTS 
DC 


CARBON-PILE . 
сена ES -250-VOLT |-250 VOLTS КИНЕ -250 VOLTS 
8و‎ GENERATOR REGULATED 
28-VOLT 
FIELD 
EXCITATION | -250 VOLTS 
| TO INTERLOCK 
CARBON-PILE er 
REGULATOR | 
[+١ |+250 мопз| | Т [+250 yous 
i= سید‎ ` Î шанрдс Ano | REGULATED 


INTERLOCK 


| ШЕ + 250 VOLTS 
эг 


бо ЧОТ. 5 |+з00 vols 


INTERLOCK |‏ < ہہ 


Fig. 1. Simplified block diagram of power supply subsystems. 
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E. AN/ARR-44 DATA-LINK SUBSYSTEM 


Ground-controlled interception is an important part 
of the modern air defense system. Through GCI facilities 
an interceptor can be guided from its base to a point where 
a successful attack can be made and once the attack is com- 
pleted the interceptor may be guided to the landing base. 
This information may be relayed by voice or by some 
automatic means. Voice transmission has the disadvantage 
of being unreliable, particularly under jamming, and when 
a large number of aircraft are being directed, it is sub- 
ject to saturation. Automatic transmission of GCI informa- 
tion by some means such as data link has none of these 
disadvantages. 

Data-link information is transmitted in binary digital 
form by ground equipment, received and processed by air- 
borne equipment in the interceptor, and presented to the 
pilot on the radarscope and a meter mounted on the 
instrument panel. 

Eight items of information are presented over the 
MG-10 data link: phase, time-to-go to a moving offset 
point? command heading,’ attack heading,* target bearing, 
target range, target alticude, and speed control information. 
Command heading is used only before the offset point is 
reached and attack heading is stored during this time and 
used after the offset point is reached. Speed control infor- 
mation is not displayed. Target bearing, command heading, 
and attack heading information are most useful when re- 
lated to interceptor heading. Thus, in the MG-10 system, 
interceptor heading is subtracted from these quantities and 
the resultant information is presented to the pilot. After 
subtraction, target bearing becomes relative target bearing, 
command heading becomes command heading error, and 
attack heading becomes attack heading error. 

The information presented to the pilot, then, is: cime- 
to-go to offset point, command heading error, attack heading 
error, relative target bearing, target range, and target alti- 
tude, In order that the pilot be required to remember only 
one set of symbols, the symbols used for the atrack display 
are used to present the data-link information. The range 
circle is used to present time-to-go information. The steer- 
ing dot is used to. presenc heading error information; the 
dot being deflected only along the horizontal diameter of 
the scope. The reference circle is used to present relative 


"Phase is the degree of closeness of ground control of flight 
operations. Data-link transmissions are divided into four phases: 
(1) noncontrol, (2) modified close control, (3) close control, and 
(4) direct control. It was felt that the information transmitted in 
phase 3, close control, would be most useful for the MG-10 system. 

“Тһе offset point is a point which is located at some distance 
from the target between the interceptor and the target and which 
moves with the target. It is the point ac which the interceptor 
begins to get on a lead-collision course with the target. 

*Command heading is a heading which places the interceptor 
on a collision course with the offset point. 

“Attack heading is а heading which places the interceptor on a 
lead-collision course with the target. 
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target bearing and target range; the circle being positioned 
laterally to indicate target bearing and vertically to indicare 
target range. The normal artificial horizon indication re- 
mains as such. The data-link display is shown in Figures. 5 
and 6 in the cockpit subsystem chapter. Target altitude 
information is presented on a meter located on the instru- 
ment panel in the cockpit. 

Data-link equipment required. to convert this informa- 
tion into a form suitable for display consists of an antenna, 
receiver, digital converter, analog converter, target altitude 
meter, and two cockpit control panels. 


Data-link Message Standards, Organization, Structure 


A data-link message cycle (See Figure 1) consists of 
eleven messages: one phase message and ten function mes- 
sages. A message consists of sixteen binary digits (0's or 
15), each digit being transmitted for ten milliseconds with 
no interval between digits, There is a forty-millisecond in- 
terval berween messages. A complete message cycle, there- 
fore, requires 2.2 seconds. | 

The structure of the phase message is shown in Figure 
2. Digits 1 through 4 indicate the address of the message. 
These four digits permit sixceen different combinations of 
05 and 18 from 0000 то 1111, inclusive. As will be ex- 
plained in later sections this permits the control of sixteen 
different interceptors tuned to the same UHF channel and 
audio (ie. data) subchannel. The dara-link circuitry in each 
іпсегсергог, then, can be set up so that it will respond го 
only one combination of binary digits, that combination 
of digits signifying the interceptor to which the message 
is addressed. 

The next group of four digits is called the label, The 
first chree digits are used to indicate that the message is a 
phase message. The fourth digit is used for a parity or error 
check, chat is, its value (0 or 1), will be chosen so as to 
establish a parity or equality in the evenness or oddness 
of the number of 15 among all of the labels of a message 
cycle. Data-link message standards require that che number 
of 15 in che label be odd and the data-link circuitry is set 
up so as to determine this. If there are an even number of 
l's in the four digits of the label, the message will be in 
error and the circuitry will reject it. The first three digits 


of che label for the phase message are 000. As an odd num- 


ber of 15 are required for the label, the parity digit is a 
binary 1. If one error occurs (that is, a 1 is received in place 
of а 0 ог а 0 is received in place of a 1), there will be either 
all 05 or two 1's in the label and in either case the message 
will be rejected. If two errors occur, a 0 can be received in 
place of a 1 and a 1 can be received in place of a 0 or two 
18 can be received in place of two 05, In this case the 
data link would accept the error. Thus, the circuitry would 
"think" that ic was receiving a function message (with the 
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exception of target bearing) instead of a phase message. 
The probability of two errors occurring is much less than 
the probability of one error occurring and if more than one 
error occurred it would be likely that it was due to con- 
tinuous jamming. Errors due to continuous jamming would 
be rejected by the message-link sensing capability to be 
described lacer. 

The next group of phase message digits is five in num- 
ber. These digits are used for transmission of discrete mes- 
sages. When a 1 is registered in digit position 9 it will cause 
a relay to be closed for ten milliseconds. When a 1 registers 
in digit positions 10 through 13 it will cause the respective 
relays to remain closed for a message cycle (2.2 seconds) . 
If, on the next message a 0 is registered in any of these 
positions, the respective. relay will be opened. Thus, digit 9 
is called a momentary contact position and the remaining 
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Fig. 1. Typical data-link message cycle. Black blocks in 


digits are called lockdown digits. At the present, no use зэ 
planned for digits 9 and 11 and, therefore, a 0 will be trans- 
mitted in these positions. Digit 10 is used for altitude scale 
change, a 0 in this position signifying 0 to 127,500 feet, 4 
1 signifying 0 to 0 feet. Ir is not planned to use the 
0 to 12,750 ft altitude scale for the target alticude meter 
in the cockpit. Digit 12 is called the selective call lock- 
down. When a 1 is registered in this position it Causes 
the data-link voice channel to be coupled into the head- 
phone circuits and the command receiver output to be 
switched out. When a 1 registers in digit 13 it can cause 
the radar to be switched to beacon operation. It is not 
planned to use this capability in MG-10. 

The last group of three digits of the phase message is 
called the phase word. The first two digits are used to indi- 
cate which. phase is being transmitted. The third digit is a 


dicate a binary 1, white blocks indicate a binary o. 
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Fig. 2. Structure of 8 ال‎ ще 
the phase message. EL NE 


parity check digit. Data-link message standards require that 
there be either no 1's or an even number of 1’s in the phase 
word. The first two digits of the phase word for the close 
control phase are 00. The parity check digit for this phase, 
then, is a binary 0. | 

The function message (See Figure 3) consists of three 
groups of digits: rhe address, the label, and the word. The 
address of a function message for any one interceptor is che 
same as that of the phase message. The labels of the various 
function messages may be ascertained by referring to Fig- 
ure I. In accordance with the message standards the labels 
of the function messages have an odd number of binary 1's, 
Digits 9 through 16 comprise che word of the function 
message. The word of the message establishes the value of 
the function transmitted. For close control operation, as 
planned for MG-10, the minimum value of each function 
( altitude, range, etc.) transmitted is zero (which is a series 
of 0's), and the maximum value transmitted is some positive 
number. Although all values are integers, they are divided 
by a scale factor before transmission so that they can be 
converted ro binary fractions, As a result, digit 9 is the least 
significant digit of che number. Time-to-go is transmitted 
as а 7-digit word, the eighth digit (digit 16) being used 
for a scale factor change, Thus, in this case, a 1 in position 
16 signifies a scale of 0-4064 seconds and a 0 signifies 
0-127 seconds. Only the 0-127 second time scale will be 
presented. 

In transmitting the function messages in a message 
cycle no standards have been established as to the sequence 
of functions, The transmission will dépend upon. the re. 
quirements of the individual flight. If, for instance, target 
altitude is changing rapidly, it might be advisable го trans- 
mit this information continually for one or more message 
cycles, or the altitude might be transmitted every other 
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message during one or more message cycles. 


Data-link. Receiver 


Data-link transmissions are assigned to the UHF band. 
As the center frequencies of the channels of this band are 
0.1 megacycle apart, 1750 channels are available in the 
band. The data-link receiver (See Figure 4) is tunable 
throughoüt tlie entire band. 

The ground station amplirude modulates the r-f carrier 
in a prescribed manner to furnish the required intelligence. 
This modulation covers a 20-kc bandwidth. Each data-link 
channel, therefore, occupies a 40-kc band. The modulation 
is such that one voice channel and 25 subchannels can 
occupy each channel. The voice modulation covers a fre- 
quency range from 300 cps to 6000 cps. The frequency 
range from 7.75 kc to 20 kc is occupied by the 25 sub- 
channels, any or all of which may be used at one time in 
conjunction with the voice channel. The center frequency 
of each subchannel is separated from that of the adjacent 
subchannel by 0.5 kc. Thus the center frequency of sub- 
channel A is 7.75 kc; the center frequency of subchannel B 
is 8.25 kc, and so on to 19.75 kc. In order to transmit the 
binary digital code, which consists of "097 and "1's", each 


‘subcarrier is variéd in time sequence by +0.05 kc. There- 


fore, in order to transmit a binary 0 in subchannel A, the 
ОНЕ cartier is amplitude-modulated by a 7.70-kc signal. 
A binary 1 is transmitted in subchannel A by amplitude 
modulating che UHF carrier with a 7.80-kc signal, 

By means of the channel selector, which is part of the 
cockpit equipment, the recéiver can be preset so as to receive 
any 20 of the UHF channels available for data-link trans- 
mission. Any one of these 20 channels can then be selected 
by means of the control knob on this panel. The dara-link 
receiver is similar in тапу respects to a standard UHF 
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communications receiver, the main difference being that 
it must have a wider bandwidth to accommodate the in- 
creased modulation frequency spectrum. The audio output 
is divided into a voice channel and a dara channel by means 
of filters. Both of these outputs are coupled to the digiral 
converter. | 


Data-link Digital Converter 


The digital converter performs three functions: 

1. Selects one of the 25 available subchannels, depending 
on the setting of the subcarrier channel selector in the 
cockpit. 

2. Converts the data audio signals of the selected sub- 
channel into the corresponding binary digital code. 

3. Provides means to select either the voice signal from the 
data-link voice channel or the command receiver in te- 
sponse to commands from the dara-link ground station. 

Three types of signals are coupled to the input of 
the digital converter: the 25 subcarrier frequencies from the 
receiver data channel, the data-link voice channel, and the 
output of the command communications receiver. The latter 
two signals are coupled to a switching network, the ouput 
of which is connected to the headphone circuits. The out- 
put of the data channel is coupled to a mixer which beats 
the incoming data-channel frequencies with the output of 

a local oscillator to produce a sum arid difference frequency. 

The i-f amplifier is tuned to the difference frequency. As 

the local oscillator frequency, which is selected by means 

of the subchannel selector knob located on che control panel 
in the cockpit, is 7 kc above the center frequency of the 
selected subchannel, the frequency to which the ЊЕ ampli- 
fier is cuned is 7 kc. A binary 0 will then appear as a 7.05-kc 
signal at the input to this i-f amplifier and a binary 1 will 
appear as а 6.95-kc signal. The output of the i-f amplifier 
is then coupled to a discriminator through appropriate cir- 
cuitry. The output of the discriminator will be a positive 
voltage for све 7.05-kc input and a negative voltage for the 
6.95-kc input. Thus a binary 0 is equivalent to a positive 
voltage and a binary 1 is equivalent to a negative voltage. 


Fig. 3. Structure of 
the function mes- 
sage. 


As the period of modulation is approximately ten milli- 
seconds and one modulation follows directly on the pre- 
ceding, the output of the discriminator will be a series of 
semisquare waves, each having a duration of approximately 
ten milliseconds and having a polarity dependent on the 
modulation frequency. 

The first digit of a message is transmitted first and is 
placed in the sixteenth position of a shift register. Shift 
pulses from a timing generator are also applied to the regis- 
ter in a delayed time sequence with the incoming signal. 
Thus as the second signal arrives, the shift pulse causes the 
first digit to be shifted from the sixteenth stage to the 
fifteenth stage of the register. This continues until all 16 
digits of a message are in the register, ac which cime the 
first digit will be in the first stage and che remaining digits 
in their proper stages. When the message is in the register 
a series of checks are made. 

The first of these checks is to determine if the message 
is 160 milliseconds long. If the message is 160 milliseconds 
long an address check will be made. If the address is that 
for which the circuits were set, digits 5 to 16 inclusive will 
be coupled into intermediate storage relays. A parity check 
is then made on the label. and if the parity is correct the 
information content of the label is examined. If the label 
indicates chat the message is a phase message a parity check 
is made on digits 14, 15, and 16. If che phase parity is 
correct the discrete messages (digits 9 through 12 inclu- 
sive) are permitted to operate the necessary circuitry. If 
the labe! indicates that the message is a function message, 
a signal will be generated to indicate to the analog con- 
verter that the label and the number is available for read-out. 
This information will be available in (һе intermediate 
storage relays for approximately 150 milliseconds. 

‘In addition to these checks, a signal-to-noise ratio check 
is made during the forty milliseconds that the ground sta- 
tion is transmitting an unmodulated signal. If the noise ratio 
exceeds a certain amount, circuitry will operate to indicate 
to the pilot thar the information presented to him may be 
unreliable. 
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Data-link Analog Converter 


As the name implies, the primary function of the 
analog converter is to transform the digital information 
received from the digital converter into analog voltages of 
the proper scale factors for use by units of the cockpit sub- 
system. In addition to this basic function it also subtracts 
aircraft heading from heading to fly and target bear- 
ing to produce, respectively, heading error and relative 
target bearing, it accepts or rejects information from the 
digital converter depending on the presence or absence of 
a signal from this unit and stores chis information in the 
proper channel. Although the exact method of accomplish- 
ing these functions is not yet fully established, the outline 
discussed below will, in general, be followed. 

The label and word information of the function mes- 
sage from the digital converter is coupled to an acceptance 
gate in the analog converter. If the information is accept- 
able; chat is, if a signal from rhe digital converter is present 
which indicates that the parity and address checks are cor- 
rect, the information will be coupled co a selector switch. 
This switch is controlled by the label of the function mes- 
sage in such a manner that che word (or value) of the 
message is coupled into the proper storage unit. As the out- 
put of the digital converter is parallel, the eight digits of 
the word are set into the eight stages of the storage unit 
simultaneously. A volrage which is analogous to the numer- 
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25 DATA SUBCARRIERS (AUDIO) 


ical value of the word is available at the output of each | 


storage unit, 

The time-to-go output is used to drive a clock ‘servo, 
The servo is initially positioned by the analog voltage and 
the clock “runs down” at a prederermined rate until new 


information is available. The new information is compared. 


with the clock position and. if errors are present the clock 
is reset to the new indicated position. This servo then pre- 
sents a continuously varying time-to-go voltage excepr dur- 
ing the reset period. 

The heading-to-fly and target bearing information are 
converted to analog voltages whose amplitudes are constant 
and whose phases are equivalent to the values of the digital 
numbers. The outpur of the interceptor’s compass is also 
available as a constant amplitude varying phase voltage. The 
two data-link voltages are each coupled to a circuit where 
their phase is compared wich that of the compass voltage 
to obtain a resultant voltage whose amplitude is propor- 
tioned to the difference berween the two input voltages. 
In this manner, these two items of data-link information 
are converted to heading error and relative target bearing. 

The target range and altitude information are con- 
verted to analog voltages whose amplitudes are equivalent 
to the values of the digital numbers. 

These voltages are then coupled to units of the radar 
equipment for presentation in the cockpit subsystem. 
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F. THE AUTOMATIC FLIGHT CONTROL 
SUBSYSTEM 


The Automatic Flight Control System (AFCS) has 
three modes of operation: attack, pilot assist, and landing 
approach. In the attack mode, the AFCS steers the inter- 
ceptor precisely along the attack course for firing the 
interceptors missiles, or rockets, in response to steering 
signals provided by the radar and computing subsystem. 
The attack mode is operative only during radar lead- 
collision attacks. In the pilot assist mode, the AFCS pro- 
vides conventional autopilot functions such as heading 
hold, altitude hold, and attitude hold, thereby relieving the 
pilot of routine steering rasks. In the landing approach 


mode, the AFCS steers the interceptor automatically during 


the landing aproach up to the point of flare-out (about 
50 feet above the runway); flare-out and touchdown are 
accomplished manually by the pilot. 

The AFCS, in conjunction with the aircraft damping 
system, maintains coordinated and stable flight during 
automatic Operation. The damping system of the F-102A, 
which provides for pitch damping, yaw damping, and 
turn coordination, operates with the identical parameters 
іп both manually and automatically controlled flight. 
Transition from manual to automatic steering (or vice 
versa) is accomplished in a smooth and safe manner. 
Electronic limiting of aircraft acceleration is provided so 
that, in maneuvers governed by the AFCS, the stall limit 
of the aircraft will not be exceeded and the pilot will not 
be subject to an uncomfortable number of "gs" (The lift 
acceleration is limited to che stall limit of four “g's,” de- 
pending on which is smaller.) Mechanical limiting of 
acceleration is provided by the airframe manufacturer so 
that the structural limit of the aircraft will not be exceeded. 

In response to command signals from the AFCS to- 
gether with pitch-rate, roll-rate, yaw-rate, and effective 
elevon-position signals, the control surfaces of the aircraft 
are deflected, through hydraulically operated actuators, to 
Steer che interceptor on the correct course. In the auto- 
matic modes of operation the control surface positions are 
followed at all times by the control stick; the pilot can 
disengage the AFCS whenever he chooses by means of a 
pressure switch on the stick. 


ty ге : ۳ 


Fig. 1. Relation between angle-to-turn-through and re- 
quired normal acceleration. 


The AFCS has been designed in an integrated manner 
in order to share common equipment among the various 
modes of operation and to share components of the aircraft 
and of the rest of the MG-10 system, wherever feasible. 
Excluding mounting racks, connecting plugs, and cables, 
the total weight of the AFCS equipment is approximately 
65 pounds, and rhe total volume is about 1.1 cubic feet. 


Operational Description 


The three modes! of operation of the AFCS are de- 
scribed in. greater detail below. 


Attack Mode 


The AFCS provides automatic steering of the F-102A 
over its entire tactical range during the two major types 
of radar attacks permitted by the MG-10 system: lead- 
collision (rockets) and lead-collision (missiles). The at- 
tack run begins after armament is selected, radar lockon is 
achieved and the radar starts tracking che target. The air- 
craft is then controlled automatically according to steering 
signals received from the radar and computing subsystem. 
Automatic steering concinues until the armament is fired, 
unles che рПос (or a collision warning signal) disengages 
the AFCS. Loss of radar lockon will return the AFCS to 
a pilot assist mode. 

During the attack run, che MG-10 radar and computing 
subsystem continuously measures quantities representíng 
target position and velocity relative to the interceptor. 
From this information, together with armamentc-ballistics 
and aerodynamic data, it calculates the azimuth and eleva- 
tion angles chrough which the interceptor should be turned 
to get on a lead-collision course with respect to the rarget. 
The azimuth signal specifies the angle-to-turn-through in 
the plane of the interceptor's wings, and the elevation signal 
specifies the angle-to-turn-through normal to the plane of 
the wings. This information is presented to che pilot on the 
radarscope by che displacement of a steering dot from the 
center of the scope. The AFCS receives equivalent signals 
as its inputs. 

The task of the AFCS is co translate the azimuth and 
elevation steering signals from the Universal Computer into 
requests for aileron (asymetric elevon-deflection) and eleva- 
tor (symetric elevon-deflection) motion which will provide 
the desired accelerations. According to these request signals 
(together with pitch-rate, roll-rate, yaw-rate, and effective 
atleron-position signals) the aircraft control surfaces (ele- 
vons and rudder) are deflecred to cause the airplane to turn 
toward a correct lead-collision course at a rate propor- 


1Although part of the AFCS equipment operates during man- 
ual flight, only the AFCS active control modes are described. 
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tional го the off-course error. (See Figure 1.) Thus, the in- 
terceptor turns rapidly toward the computed lead-collision 
course when there is considerable error and, as che error is 
reduced, smoothly reduces its turning so as to fair into the 
course. Maneuvers of the target cause the radar to measure 
new quantities, che computer to calculate new steering sig- 
nals, the AFCS to develop new acceleration error signals, 
and the contro] surfaces to move in response to the new 
signals. 


Pilot Assist Mode 


The AFCS provides a pilot assist mode to relieve the 
pilot of routine steering tasks, over the aircraft's entire oper- 
ational range, by maintaining the aircraft in the attitude in 
which the pilot has been flying it. In the pilot assise mode, 
the AFCS accepts vertical-gyro and/or directional-gyro 
and/or ambient-pressure signals as primary inputs and pro- 
duces error signals which cause the aircraft’s control surfaces 
to be moved so as to maintain the aircraft's 

(1) pitch and bank attitude, 
(2) pitch attitude and heading, 
(3) altitude and bank attitude, or 
(4) altitude and heading 
as they were when the pilot assist mode was engaged. 

Which of these combinations. is maintained, is detet- 
mined as follows. The pilot decides whether to have che 
AFCS hold the aircraft's altitude or its pitch attitude, and 
positions a toggle switch on the AFCS control panel accord- 
ingly. Whether the heading or the bank attitude of the 
aircraft is maintained, is determined automatically by che 
AFCS. If the aircraft wings are within five degrees of level, 
the AFCS will maintain the heading flown when the AFCS 
was engaged. If the aircraft's bank angle is more than five 
degrees, the AFCS will maintain the bank attitude present 
when the AFCS was engaged. 

When the aircraft heading is being maintained by the 
AFCS, the pilot can introduce changes in che heading refer- 
ence to be maintained. À cockpit control permits the pilot 
to accomplish this without disengaging the AFCS. 

When pitch and/or bank attitude is being maintained 
by the AFCS, the pilot can cause the aircraft го assume a 
new attitude, without disengaging the AFCS, by actuating 
a control on the flight stick. This causes the aircraft to turn 
in the direction the control is pushed. Upon release of this 
control, the néw attitude will be retained. The same control 
may be used as a force trim on the flight stick when the 
AFCS is disengaged. 


Landing Approach Mode 


The AFCS provides a landing approach mode to steer 


the aircraft automatically along the instrument landing sys- 


tem (ILS)? localizer/glide-slope flight path, down to ап 


altitude of approximately 50 feet above the runway. The 
landing approach mode is operative at altitudes below ap- 
proximately 2000 feer above the landing strip and in the 
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speed region from 180 knots to stall. Bank angle limiting 
is provided throughout the approach. The bank limir auto- 
matically decreases after the glide-slope beam is entered. 

An AILS landing is made in four phases. (See Figure 
2.) The operations performed in each phase are described 
below. 

Phase L. In this phase, the aircraft enters the localizer 
beam, The pilot first prepares for normal ILS operation, 
manually steers the aircraft into the localizer entrance area" 
while descending to the appropriate ground clearance alti- 
tude for glide-slope beam interception (approximately 1500 
feet), sets the runway heading inco the system and, when 
localizer signals are received, switches the AFCS to the Jand- 
ing approach mode. At this сте, Phase II begins. 

Phase .لا‎ In this phase, the aircraft is automatically 
steeréd to the center of the landing strip localizer beam 
while the AFCS automatically holds the aircraft altitude at 
the altitude the aircraft was in when the landing approach 
mode was engaged, until che glide-slope beam is intercepted. 
The localizer course deviation (determined from the local- 
izer beam signal) and the heading error signal (difference 
between the compass heading and the runway heading set 
into the system by the pilot) combine to give a horizontal 
steering signal which steers out lateral errors rapidly, with- 
out excessive overshoot. Phase II lasts until che glide-slope 
beam is intercepted.* 

Phase 11. During this phase, the aircraft is automati- 
cally guided down the glide path. When glide-slope signals 
are received, the AFCS is automatically switched co utilize 
glide-slope course deviation signals for vertical steering, in 
place of pressure altitude signals which served to maintain 
altitude. The AFCS steers the aircraft along the center of 
the localizer beam and down the glide-slope beam to an 
altitude of approximately 50 {еее above the runway. 

Phase IV. In this phase, flare-out and touchdown are 
accomplished manually by the pilot. 


Simplified Functional Description 


The functional block diagrams for the three modes of 
AFCS operation will now be presented. 


Attack Mode 


The principal functional elements of the AFCS in the 
attack mode are illustrated in the simplified block diagram. 
(See Figure 3.) The solid-line boxes represent AFCS ele- 
ments; the broken-line boxes represent other units with 
which the AFCS functions. 


“Bor the reader who is unfamiliar with ILS, a brief description 
is provided at the end of the chapter. 


"Localizer entrance can be made from within a circle of four 
miles radius, centered fifteen miles from the approach end of the 
runway, along the extended runway centerline, without exceeding 


bank angle limitations. 


4An interlock is provided to avoid Phase IH unless Phase ЇЇ 
has been accomplished. 
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As shown in Figure 1, che azimuth and elevation 
steering signals, which che AFCS receives from the MG-10 
radar and computing subsystem, essentially call for lateral 
and normal accelerations (in the plane of the іпсегсертог 5 
wings, and normal to the wings, respectively). The steering 
signals are proportional со the required. accelerations. The 
basic operation of the AFCS is со combine the steering 
signals wich signals proportional to che measured lateral and 
normal accelerations? and turning rates of the aircraft in 
such a way as to produce elevon-deflection command signals 
that will curn the aircraft toward the computed lead-collision 
course, rapidly and stably. The elevons are moved in re- 
sponse to these signals by hydraulically operated actuators. 
(See Figure 4.) 

Following are some of the items which give the system 
rapid, accurate, and stable response during the attack mode: 
(1) In che lateral channel а roll-rate signal is subtracted 
from the lateral acceleration error signal. This makes for 
a faster acting, more stable servo loop than would be pos- 
sible were the roll-rate signal omitted. 

(2) The azimuth steering angle signal from the Universal 
Computer is limited in order to limit the aircraft's bank 


А- 


МОТЕ 1 


angle and therefore its maximum turning rate. (3) A shap- 
ing network at the output of the longitudinal channel is 
used to obtain the desired stability characteristics. (4) In 
each channel an integrating circuit is connected between the 
input and output to correct for trim changes during attack 
and to overcome small bias errors which may exist in AFCS 
or damper circuitry. (5) At che inputs to both channels 
"fade-in" circuits make entry into the ассаск mode smoother 


by attenuating the steering signals from the Universal Com- 


puter until the computer transients have died out. 
Automatic limiting of lift acceleration command is 
provided so that maneuvers governed by the AFCS cannot 
exceed either the structural limit of the airframe or che stall 
limit, taking into account the interceptor's speed and pres- 
sure altitude. When the required lift acceleration exceeds 
the maximum allowable lift acceleration for the particular 
flight conditions, the lift acceleration command is limited 
го the maximum value allowed for these conditions. This 


>For the reader who is unfamiliar with the kinematics of flight, 
the measurement of the acceleration of an aircraft is discussed at the 
end of this chapter. 
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NOTE II 


THE AIRCRAFT ENTERS THE LOCALIZER BEAN 
FLYING LEVEL AT ABOUT 1500 FEET AND 1S 
FIRST CENTERED ON THE LOCALIZER BEAM. 
WHEN THE AIRCRAFT INTERCEPTS THE GLIDE 
PATH BEAM IT IS THEN CENTERED ON THE 

GLIDE PATH NULL PLANE AND FLOWN DOWN ^ 
THIS BEAM. Е 


~ 


ЕЗІ ДЕ 


PHASE |. ENTERING THE AIRCRAFT INTO THE LANDING BEAM. 


PHASE 2. CENTERING THE AIRCRAFT IN THE LANOING STRIP 
LOCALIZER BEAM. 


PHASE 3. GUIDING THE AIRCRAFT DOWN THE GLIDE PATH. 


PHASE 4. GUIDING THE AIRCRAFT OFF THE GLIDE PATH INTO 
THE LANDING FLARE AND LANDING THE AIRCRAFT. 


PERFORMED AUTOMATICALLY 
IN LANDING APPROACH 
MODE OF THE AFCS. 


Fig. 2. The four phases of an ILS landing. 
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is accomplished as follows: A maximum allowable normal 
acceleration signal is obtained from the radar and comput- 
ing subsystem. This signal is derived from the dynamic 
air pressure, which depends on both interceptor speed and 
pressure altitude. Whenever the lift acceleration called 
for exceeds the maximum positive or negative value 
allowed, a coincidence circuit energizes a relay which 
switches the inputs, as shown ‘in Figure 3, from the nor- 
mal-acceleration-required signal to the maximum-allowable- 
acceleration signal. 


Pilot Assist Mode 


The principal functional elements of the AFCS in the 
pilot assist mode are illustrated in the simplified block dia- 
gram. (See Figure 5.) The solid-line boxes represent AFCS 
elements; the broken-line boxes represent other units with 
which the AFCS functions. Reference to the diagram shows 
thae either pitch or altitude (longitudinal channel)” and 
either heading or bank attitude (roll channel) can be 
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maintained. : 

When the AFCS is in the pilot assist mode, attitude 
and/or altitüde and/or heading errors are used by che AFCS 
to produce rhe aircraft control commands so as to reduce 
the error signal to zero. Ás in the attack mode, automatic 
limiting of normal acceleration is provided. ( For simplicity, 
the autornatic-limiring circuitry, which is shown in che at- 
tack mode block diagram, is omirted from the pilot assist 
mode block diagram.) 

W'hen the pilot chooses to maintain altitude by select- 
ing the altitude hold position of the switch, the barometric 
altitude control unit is engaged. This unit produces a voltage 
proportional to changes in static pressure from the prevail. 
ing static pressure when the unit was engaged. The voltage 
is used as an altitude error signal. Proper damping is ob- 


"This nomenclature is chosen since, in addicion to controlling 
the acceleration normal to the plane of the wings, this channel con- 
trols che aircraft's longitudinal acceleration. 


Fig. 5. Functional block diagram of AFCS pilot assist ۰ 
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tained by combining this signal with a rate-of-change-of- 
altitude signal and a signal proportional to the aircraft's 
vertical acceleration.’ ( Аз shown in Figure 13, the measured 
lift acceleration must be equal го g sec ф when the aircraft 
is not accelerating in a direction perpendicular to the hort- 
топ.) An integrator is used to eliminate standoff-altitude 
error. 

Pitch hold is accomplished by using as an error signal 
the sine of the difference between the aircraft's pitch atti- 
tude and the pitch attitude prevailing when the AFCS was 
engaged. As in altitude hold, a signal proportional to the 
vertical acceleration is used for damping." The manipulation 
of the contro] stick trim switch permits the pilot to alter 
the pitch attitude while in pitch hold, without disengaging 


*The rate of change of altitude signal is used for long period 
damping while the vertical acceleration signal is used for short 
period damping. 

“When a pitch angle, 6, exists, the acceleration perpendicular 
to the horizon is L — g sec ¢ sec 6. However, for the small pitch 
angles involved, sec $ is essentially unity. 


the AFCS, Upon release of this switch, the attitude. thus 
established will be maintained. - 

Heading hold is accomplished by using as an error 
signal the sine of the difference between the present read- 
ing of the flux-gate compass and the compass reading when 
the AFCS was engaged. Signals proportional to the bank 
angle and a roll-rate signal provide damping. A flight stick 
control permits alterations of the heading while in heading 
hold. Heading error input signals are limited in such a 
fashion as co limit the resulting bank angles to 2:30 degrees 
to produce gentle turns. 

Bank attitude hold is accomplished by using as an error 
signal, the sine of the difference between the present bank 
attitude and the bank attitude when che AFCS was engaged. 
A signal proportional co the rate of change of bank attitude- 
roll rare — is used for damping. Manipulation of the con- 
trol stick trim switch permits the pilot to adjust the bank 
attitude while in bank attitude hold, without disengaging 
the AFCS. 
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Landing Approach Mode 


The principal functional elements of the AFCS in the 
landing approach mode are illustrated in the simplified 
block diagram. (See Figure 6.) The solid-line boxes repre- 
sent AFCS elements; the broken-line boxes represent other 
units with which the AFCS functions. ( Although not in- 
dicated in this diagram, g-limiting is incorporated in the 
system as shown in the functional block diagram of the 
attack mode.) 

Switches are shown in position I, che position they are 
in prior to glide-slope beam interception. As the glide-slope 
beam null is approached, the switches are automatically set 
to position II. 

Essentially, the AFCS in the landing approach mode 
converts the lateral and vertical angle-off-course signals 
(from the localizer and glide-slope receivers, respectively) 
into asymmetric and symmetric elevon-deflection command 
signals which cause the aircraft control surface to move so 
as to keep the airplane on the correct landing approach 
course." 


Prior to Interception of Glide-Slope Beam Null — Prior to 
the time thac the aircraft starts down the glide-slope beam, 
the AFCS maintains the aircraft altitude (as described for 
the altitude-hold position of the pilot assist mode). At the 
same time, lateral errors with respect to the extended center 
line of the runway are eliminated in the following manner: 

The primary horizontal] position error input to the 
lateral channel of the AFCS is the output of the localizer 
receiver. The localizer signal is proportional to ۵ (the lat- 
eral angle-off-course from rhe extended center line of che 
runway) in the linear portion of the localizer beam (|8) 
less than 2.5 degrees) and roughly constant in the saturated 
region of the beam (at signal level for 8 — 2.5 degrees). 
In order to avoid ambiguous signals from che fluctuations 
of the signal strength in the saturated portion of the local- 
izer beam, the signal from the localizer receiver is limited 
to that value produced by a 2.5 degree error. 

From the limiter, che lateral angle-off-course signal is 
sent to a variable gain circuit. (Prior со glide-slope opera- 
rion, the gain of this circuit is constant.) 

At the output of the variable gain circuit, a subtracting 
network then combines the lateral angle-off-course signal 
with a heading error signal, sin ус. As shown in Figure 7, 
the heading error signal (which is the sine of the angle 
between the present heading of the aircraft and the runway 
heading set by che pilot into the course indicator) is propor- 
tional to the rate of change of the lateral distance-off-course; 
this signal provides damping and directional stability to the 
AFCS. The output of the subtracting network is limited to 


_ Prior to interception of glide slope, the AFCS maintains the 
aircraft at a constant altitude in response to altitude error signals 
which it receives in place of vertical angle-off-course signals. 


MEET NETS 


RUNWAY <<‏ سح 


== zi 


EE AR ak 


DISTANCE OFF COURSE 


шэнэ 


Fig. 7. Relation between heading error signal (simfe} and 
rate of change of lateral distance off course. 


a value that permits a maximum bank angle of 30 degrees 
in order to give gencle turns. 

To provide required damping terms, signals propor- 
tional to both the bank angle of the aircraft and the aircraft 
roll rate are combined with the output of the limiter. The 
resulting signal is used to deflect the control surfaces of 
tne aircraft. 

Upon reaching a range to touchdown of about 35,000 
feec while flying at an altitude of 1500 feet above the run- 
way, the aircraft will intercept the null plane of the glide- 
path radiation pattern. During the preceding phase, the 
glide-slope receiver will have monitored the glide signal. 
When the glide-slope signal plus a signal proportional to 
the rate of change of the glide signal reach zero, a coinci- 
dence circuit operates, setting the switches co position IL 
In effect, the rate of change of the glide signal provides an 
anticipatory: command signal so that the aircraft does not 
overshoot the glide-slope null plane. A safety feature is in- 
cluded to prevent che aircraft from attempting to follow 
the glide-slope signals except under proper entrance con- 
ditions. Unless the aircraft is in che unsaturated portion of 
the localizer beam at the time che glide-slope beam is inter- 
cepted, the coincidence circuit will not operate and the air- 
craft will continue to fly at a constant altitude. 


Fig. 8. Relation between vertical distance and angle off 
course. 
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After Interception of Glide-Slope Beam Null — After the 
coincidence circuit opérates, the glide-path signal replaces 
the altirude-error signal at the input of the AFCS longitu- 
dinal channel. The gain of the lateral channel is now varied 
to maintain an approximately constant system gain, inde- 
pendent of range to touchdown." 

As shown in Figure 8, the vertical distance-off-course 
is approximately equal to the vertical angle-off-course, т}, 
multiplied by the range to the glide-slope transmitter, Since 
the aircraft flies down che glide-slope beam at a constant 
angle ( —2 degrees to —4 degrees), the range to the glide- 
slope transmitter at any point is proportional to the aircraft's 
alticude at that point, Hence, if the vertical angle-off-course 
signal is multiplied by a quantity proportional to the air- 
craft's altitude, the resulting signal will be proportional to 
the vertical distance-off-course. 

A variable gain circuit converts the vertical angle-off- 
course signal from the glide-slope receiver to a signal pro- 
portional to the vertical distance-off-course. The gain-control 
potentiometer is servoed by the barometric altitude control 
unit in such a manner that, as the aircraft descends the glide 
path, the gain is continuously reduced by a fraction equal 
to rhe range to the glide-slope transmitter divided by the 
range to che transmitter when the aircraft intercepts the 
null of the glide-path beam. (The gain of the circuit de- 
creases from unity, when the aircraft is ac an altitude of 
1500 feet, to 1/30, when the aircraft is about 50 feet above 
the runway.) 

The difference between the measured vertical accelera- 
don (L —g sec $) and the vertical distance-off-course 
signal plus its rate of change!" gives one component of the 
symmetric-elevon-deflection command ( request-for-elevator- 
motion) signal. Another component is needed since the 
vertical acceleration signal would be balanced by the verti- 


As (һе range to touchdown decreases, a given distance-off- 
course results in an increasingly larger angle-off-course. 1f the accel- 
eration error signal were made directly proportional to the angle- 
off-course signal, and if the servo loop gain were optimized for a 
large range to touchdown, the servo loop would oscillate as the 
range to touchdown decreased. 


cal distance-off-course signal at some plane offser from the 
glide-slope null plane and the aircraft would tend co fly 
down a path offset from the true glide path. In order to 
prevent this an integrating circuit is used to assure that the 
glide-slope error is maintained zero. The output of the inte- 
grating circuit also contains a signal proportional to the rate 
of change of the vertical distance-off-course (derived from 
the integral of che measured vertical acceleration) to pro- 
vide a necessary damping term. 

After the coincidence circuit operates, three changes 
occur in the lateral channel: 

First, the lateral angle-off-course signal is converted to 
a lateral distance-off-course signal (see Figure б) by means 
of a variable-gain circuit. The operation is similar co that 
described for the variable-gain circuir in the pitch channel 
except that the gain of the circuit in che roll channel varies 
from unity to 1/B, the same ratio as variation in distance 
to the localizer transmitter. 

Second, the maximum permitted bank angle is reduced 
from 30 degrees to 15 degrees. During this phase, the air- 
plane is expected to fly nearly a straight path; consequently, 
horizontal turning signals are limited so that the bank angle 
does not exceed 15 degrees. | 

Third, a low-speed integrating circuit is inserted be- 
tween the output of the variable-gain circuit and the output 
of the AFCS roll channel. This is done because crosswinds 
or errors in che serting of the flux-gate compass would result 
in the aircraft's approaching a path offset from the 8 null 
plane since the signal from this heading error would be bal- 
anced by a signal from the localizer receiver. Therefore, che 
aircraft would tend to fly in along a line of constant 8 + 0 
rather than a line of 8 = 0. (Since the presence of the head- 
ing error term adds to the stability of the system, it is left in 


with doubled gain.) The use of the slow-speed integrating 


circuit, however, reduces the "stand-off" error to zero. 


11The rate of change of the vertical distance-off-course signal 
provides damping. 


APPENDIX | 


A BRIEF DESCRIPTION OF ILS 


The function of ILS is to provide the pilot with a 
means of following a predetermined, precise pathway down 
to the runway in all kinds of weather. Normally, the actual 
touchdown is made visually after the system has. brought 
the airplane into the correct position to complere a landing. 

The essential ground elements of the ILS are (1) a 
localizer radio course to furnish lateral guidance to the run- 
way, (2) a glide-slope radio course to furnish vertical guid- 
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ance down the correct angle of descent to the runway, and 
(3) marker beacons to provide accurate position indications 
along the localizer path. Airborne components of the ILS 
are (1) receivers tuned to thie localizer, glide-slope, and 
marker beacon frequencies, (2) a cross-pointer indicator 
(activated by the outputs of the localizer and glide-slope 
receivers) to provide the pilot with visual steering infor- 
mation, and (3) visual indicators (activated by the output 
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of the beacon receiver) to provide the pilot with an indica- 
tion when the aircraft passes over a marker beacon. 

On the ground, a localizer unit, Operating at approxi- 
mately 110 mc, provides a directional pattern. (See Figure 
9) along the center line of che runway such that the beam 
on one side of the runway center line contains 90-cycle 
modulation while the beam on the other side contains 
150-cycle modulation. The signal received by the localizer 
receiver in the aircraft contains the two modulation fre: 
quencies; each has a relative intensity determined by the 
laceral position of the aircraft with respect to the center line 
of the runway. The on-course path is the line of equisignal 
berween the modulation on the two sides; that is, along the 
runway center line. Similarly, a glide-slope unit, operating 
at approximately 330 mc, provides a directional pattern 
(See Figure 10) along the correct line of descent to the 
runway. 

The cross-pointer indicator is actuated by the localizer 
and glide-slope signals. The localizer pointer is pivoted at 
the top of the indicator and swings left and right. The 
glide-slope pointer is pivoted at the left side of the indicator 


Fig. 9. Localizer beam geometry plan view (по! to scale). 
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Fig. 10. Glide slope beam 
scale). 


and swings up and down. The localizer (vertical) pointer 
indicates, by deflection, when the airplane is to one or the 
other side of the equisignal course. The glide-slope (hori- 
zontal) pointer indicates, by deflection, the position of the 
airplane with respect to the glide path. 

In making an instrument landing approach, che pilot 
must first enter the aircraft into the localizer beam. Inter- 
ception of the localizer beam is normally made at a distance 
of approximately 15 miles from the point of touchdown. 
The pilot descends to an altitude of about 1500 feet and 
steers the aircraft (flies to keep localizer pointer centered ) 
co eliminate lateral errors with respect to the extended run- 
way cencer line. Approaching at a terrain clearance altitude 
of 1500 feet, the airplane will intercept the glide-slope beam 
at a distance of about 642 miles from the point of touch- 
down. When the glide-slope beam is intercepted, the pilot 
flies the aircraft down the glide path, using the glide-slope 
beam to guide his descent, by steering to keep the vertical 
pointer (as well as the horizontal pointer) centered. At 
about ۷4 mile from touchdown, and approximately 50 feet 
above the runway, the pilot normally carries out the re- 
mainder of the landing visually. 


APPENDIX || 


FOR THOSE UNFAMILIAR WITH THE DYNAMICS OF FLIGHT 


To assist the reader in understanding the operation of 
the MG-10 automatic flight control subsystem, an elemen: 
tary discussion of some of the dynamics of flight is pre- 
Sented below. 

An airplane is acted upon by a number of forces and 
torques, which are functions of aircraft attitude, control 
surface deflections, lift, thrust, drag, and gravity. However, 
in the steady stare, the predominant forces acting to change 
the flight path of the aircraft are the life force and the 
force of gravity, 

The lift force causes the aircraft to have a component 


of acceleration (L), called the lift acceleration, normal to 
the wings. The force of gravity causes the aircraft to have 
a component of acceleration ( g), called the acceleration of 
gravity, normal to the earth's surface. The vector sum of 
these two components is the resultant normal acceleration 
(ax). (See Figure 11.) This acceleration describes the rate 
and direction of change of the flight path. 

Since the purpose of an automatic flight control system 
is to control an aircraft's flight pach, rhe measurement of 
ax in one form or another is logically an important part of 
its. operation. In the case of the MG-10 AFCS, it is con- 
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venient to resolve the acceleration ан into components 
which are perpendicular and parallel to the wings, a, and 
aw respectively. These components are determined from the 
outputs of a lift accelerometer'*, which measures the lift 
acceleration, L, and a vertical gyro, which measurés the 
sine and cosine (also the secant) of the bank angle. (See 
Figure 12.) In the pilot assist mode of the AFCS, the 
vertical component of ay (ay) is of interest. The deter- 
mination of this component is illustrated in Figure 15. 


12The lift accelerometer is an instrument which produces an 
output proportional to the component along the lift axis of the 
vector sum of (һе force of gravity and the reactive force of the 
aircraft's acceleration. Its operation is similar to that of a mass sus- 
pended on a spring and constrained to move only along the lift 
axis. [n this somewhat crude model, the mass i$ acted on by both 
the force of gravity and the reactive force of the aitcraft's accelera- 
tion and causes the spring to stretch. The streching of the spring is 
proportional to ах — В cos $. 


Fig. 12. Resultant normal acceleration perpendicular and 
parallel to the wings. 
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Fig. 11. Resultant normal acceleration from lift and 
gravity. 


Fig. 13. Vertical component of resultant normal 
acceleration. 
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Lt. Col. O'Conner, the 52nd Fighter Group Operations Officer, 
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feel they have had the best flying experience and the nost 
enjoyable flying they have ever hed, and thet some of then 
will ever have. 
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fane opinion. Some have stated that they cannot understand 
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GENERAL ATRPLANE 
Familiarization (general) F-102 Outline 
Introduce Instructors 

Give general breakdown, of course. Tell what each instructor 
will teach. All new, so we will all learn, 

F-102 Newsreel (Approx, 24 Min.) 

Project Outlook or Future 

Engineering has accomplished an, outstanding job in designing 
the Model 8 Airplane. They present a challenge to the production 
team to carry out the actual production of this aircraft with the 
degree of в0с6688 that engineering has achieved, 

Every man will have to avail himself of every eource of 
information, The Model 6 is a complicated aircraft. In order to 
accomplish any degree of efficiency of the interconnected systena 
of the aircraft we will require a great deal of cooperation between 
the various groups assembling andtesting the airplane, 

We must recognize and work to standards that are well above 
the working standards of Ships Convair Нав produced in the past. 

Workmanship, tolerances, cleanliness standards are сопві- 
derably higher for the Model 8, I hope to point out these new 
Standardsvalues during these sessions and to give you a better 


appreciation of the Model & airplane. 


History of of ihe Model 8 


Force found, in the American oeqúpi ed zone of Germany, a delta wing 


aircraft mockap and ite designer, Dr. Lippisch, & noted German 


scientist and aeronautical engineer. Dr. Lippisch designed and 


Folloving the surrender of 25. іш World, War її, the Air кам (9:55 


built the Dm-l in 1911 entirely of wood, 


Thé ship had never flown 
when captured, 

The Air Force brought Dr. Lippisch and his Dm-l aircraft to 
this country and ínitiatéd воле research into the merits of this 
design configuration, 

In the fall of 1945 Convair was awarded a contract to construct 
& full scale supersonic fighter plane along the lines of Dr, Lippisch's 
research results and design proposals, 

Design and conatruction began immediately, resulting in the 
XF-92 which was taken to Muroc Air Force Base for secret trials. 


4 1948, Convair test pilots, Shannon 


the first time on June. 


and Martin, flew the ХҒ-92 on mmy test missions and from those 
test flights the basic design of the Model & aircraft was дебет 
mined. 


ShowX¥-92A Film-Initial Flight. 


Show Р-102 Film-First Two Flights. 


High Speed Program 


Production aircraft built before first experimental model 


was flown, The destruction of the first aircraft before assigned 


test program were completed will also increase the production 
probleme and will dictate many E. 0.18, tooling changes, planning 
and organizational changes. It will be well to keep these pointe 

in mind so that we may place a true value on the necessity for the. 
multitude of changes and problems that you will have to contend with 
in the near future, Don't let these necessary changes and problens 
reflect in a lowbring of morale or working efficiency. Inform others 
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of the reasons for these excessive problems on the Model 8 so we can 
attach them with a proper attitude and complete this project efficiently, 
Security 

This program contains information affecting the national 
defenes of the United States within the meaning of the espionage 
lawa, The. Trangmission or revelation of information contained in this 
class to an unauthorized person is prohibited by law, 
The Model £ Design Mission 

The primary mission of the ultimate production airplane will 
be the interception and destruction of attacking enemy aircraft and 
airborne missiles, which fall within the performance capabilities 
of the aircraft, its armament and associated electronic equipment. 

The Model 8 is designed to operate as an alleweather fighter 
for free lance or intercept missions up to approximately 60,000 
feet. 

Offensive armament includes. combinations of 2.75 folding fin 
aircraft rockets and а minimum of six баг-1 Falcon missiles, 

Guidance and release of this armament is automatically con- 
trolled by the MX-1179 Hugh's system in the ultimate production аїг- 
plane and by an intern MG-3 system in earlier models, 

The ultimate production airplane will be capable of flying an 
intercept mission by means of ground-control radar. 


Describe: MX-1179 Operation-Automatic Control. 


. Mach Number 


The ratio of the velocity of an object to the velocity of sound 


under the same atmospheric conditione: | 
Мас - sea level = 760 m.p.h. 
Мас: = 35,000 ft. = 662 m.p.h. 
Mach#l - Constant from 35,000 ft. to 1100,000 ft. altitude 
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Design Details of Model 8 Aircraft, 


The model 8 aircraft ів a single engine, Bingle place 60 thin 


delta wing land based intercepter, 
Wing Span ---- 3712 
Overall length ---- 51! ij" 
Height of fin from static ground line =-= 18! 
Fuselage width ------ 6! 6! 
Gross weight n t n لد‎ еі 28,000 lds, (approx.) 
Wing loading take-off aaa lip lbs. per sq. ft. 


20 810681 Characteristics. 


1. Left and right elevon on the wing trailing edge, 

2. Cheek-located engine air intake ducts, 

f" Pointed radome mounting on instrumentation nose boom, | 

*. Interchangeable fuselage nose aectlon detachable by Ч bolts, 

5. Veshaped windshield, 

6. Machine wing skins, 

۲+ Integral fuel tank systems in each wing with а single point refuel- 
defuel connection serving. both sides, 

8. Full hydraulic power flight control systems, 

9. Dual hydraulic power systems, 


10, Air conditioned and pressurized cockpit, 


ll, Air conditioned and pressurized electronic bays, 


18, Electrical power generation by meana of a main engine bleed. air 


System driving an AC and DeG generator Via an air turbine motor 


and accessory gear drive unit, 


13. Single turbo=jJet engine with after-burner: 


Pratt 6 Whitney J57 Pit P23. 
GCurtiss-5—Wrisht-J6]«1, 
Preatt-&—Whitney—J7 57 
Pratt & Whitney J79 
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Fuselage Major Section 


and radome, 

The cockpit is equipped with a hinged canopy which is elec- 
trically actuated for normal operation, The canopy is jettisoned for 
Smergency escape in flight by means of a canopy remover which is fired 
ав part of the emergency seat ejection Sequence, Canopy may also be 
fired on the ground for emergency rescue by a handle accessible to 


ground personnel, 


=> 


Main Landing Gear 


Nose wheel well electric components. Wheel retracts forward by 


hydraulic secondary control, 


Aft electronics equipentn bay - quick replacement, 
er А, Тә, M, Compartment ~ Armament. Section) 


Missile area divided into six bays. 
L/H fwd, and aft bays | 
Middle fwd. and aft bays 
R/H fwd. and aft bays 
Six doors completely en¢lose the armament equipment. 
The four middle doors, include integral rocket launches in tandem, 
The А.Т. М, Compartment. and engine compartment are separated By 
a fume-tight pressure diaphragm. 
Engine compartment is divided into a forward and a aft section 
by a fire séal diaphragm. 


Dive Brakes 


Three hydraulically operated. speed (dive) brakes are installed 
in aft portion of the engine compartment, one on the bottom centerline, 
and the other between the wind and vertical fin (one on each, side), 

No interconnect for equal throw, 

Drag chute is installed in a structural box section located above 
the aft portion of the engine compartment and the tail cone drag chute 
door unlatching and chute jettisoning are accomplished by means of the 
high pressure pneumatic system, 


Wing 


The wing, a 60' thin delta in plan form, ia basically of full 


cantilover, stressed skin, high strength. aluminum alley construction 


using spanwise case spars, and built-up shear-web type spars with 
chordwise ribs and bulkheads. A portion of the interspar area oute 
board of the fuselage. forms the integral fuel tanks, 

The leading edges are thermal anti-iced by means of the main engine 
bleed air system (low pressure pneumatic system) via a heat distribution 
"piccolo" tube which extends the length of the leading edge assembly. 

The elevons, located in the trailing edge of the wing, are of 
riveted metal torgue box and rib construction with m tal covering. 


Vertical Fin _ 


The vertical fin is basically of riveted. cantiléver, high 
strength alumi alloy construction, It 40610880: provisions for the 
attachment of the rudder and mounte a combination rudder actuator and 
control valve, The fin leading edge is also designed for thermal anti-icing. 


The main landing gear ia interchangeable with down lock incorporated 
in folding drag brace, Shock strut bas a 10" stroke. Main wheel tires. 
are high pressure 7,8, 18 ply, 30 x 8.8. 


| 
| 
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Materials Used on Model 8 


Nose gear retracts fwd. includes hydraulic steer damper and 
augmented pilot controlled steering; down lock is incorporated with 
in the drag brace end the nose gear mounts an extra high pressure 
0, 5, 12 ply, 28 x 5.5 tire. ہے‎ | 


Sealing Re uirments of Fuselage 


Cockpit pressurized to 5 Р,5.1. forward and aft radar compartment 
pressurized to 2 P.S.I. Hietemperature E.C., 801 to be used in faying 
surfaces, Remainder of fuselage designed for sealing but sealants. not 
required now, 


Fuselage Structures 


Internal structure no clad 24 st and 75 st, 

Aluminum alloy that has been anedized and primed with zinc 
chromate primer, 2 | 

External akin - 032 to 064 24685, Skin thickness cockpit „032 
increasing aft to „ОН and .053 and „064 around aft engine burner 
вес tion. | 

Wing = sculptured sking, 250 at spars and ribs and bulkheads 


machined. down to .064 between spars, ribs and bulkheads, Thin clad 


1алӣ1/2$. Refer to exterior skin smoothness charts. Exterior skin 
emoothness critical tolerances. 


Titanium RO 130A. is 60% heavier than aluminum and 56% ав heavy as alloy 
steel, but stronger in. воше applications than steel. It has an expansion 
coefficient of practically zero, and is very córrossion resistant, Titanium 
18 found in nature cheifly as rutile, which is в mineral consisting of titaniun 


dioxide, usually a reádishhbrown color and having a bright metalic luster. 
It usually contains a little iron and glemenite which 18 an iron-black 


mineral composed of iron, titanium and oxygen, both of which are abundantly 


plentiful in the U. S, A. In fact, titanium is the 4th most plentiful 
Btructual element in the earth crust surpassed only by iron, aluminum 
and magnesium, 

Bad qualities - poor standardization = high cost, $7 per №. 


Drilling and Machining 


Usage = titanium RC-130A used at sta. 515, 544, 573 and canted 
tail cone assem. and frames. Wing spar fittings, Chrome-alloy 4310 used 
in wing attaching fitting in hot section. Armco 17-7 stainless steel 
used at firewall fin attach fittings. Micro metallic stainless steel 
or sintered stainless used at leading edges of wings, vertical fin, 
engine air duct lips. 


Aluminum Alloy Surface Corrosion Preventative Treatments 


Anodic-eléctro-chemical treatment results in surface oxides, 
Alodine - alodine is the registered trade mark of the material mane 


ufactureé by the American Chemical Paint Co. The name alodine designates 
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& mixture of fluoride and dicromate-phosphate salts used in a rapid none 
electrolytic process to produce a protective, вкіп-11ке coating on aluminum 
alloys. Alodine coating is thin and tight and provides an adhesive bond 
and protective bade. for organic 4 inishes such as paint and adhesives....re- 
sistant to corrosion on both painted and unpainted surfaces is increased, 
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24 October 1955: Initial flight of YF-102.  Airplene crashed 2 November 1953 
during take-off for flight seven. 


ll January 1954; Initial flight of second YF-102. 
21 January 1958: Supersonic speed of Mach 1.05 was attained, 


5 March 1954; Flutter investigation tests were initiated at supersonic 
Speeds using shakers to evaluate damping characteristics. 


12 April 1954; Buffeting was reduced and uncontrollable yaw oscillations 
in the vicinity of Mach 1.0 were eliminated oy extension of 
tail pipe and modification of elevon to fuselage fillet. | 


13 April 1954; Altitude performance and general handling charecteristics 
at high lift coefficient vere improved by addition of | 
сещрегед leading sedges. ۲ 
2 May 1954: Mach number of 1.29 was attained. 
با‎ Мау 2954; Initial flight o? Model type 6-32 airplane. 


+ May to l June: Air Force Phase II tests wore conducted. Airplane was 
Tlown by ten Air Force pilots өлі оце МАСА 21105. · 


June 1255; Initial major experience with compressor stall occurred.‏ ہا 
June 1954; Initial ?ly-away of production aircra?*5 fron Contractors‏ 19 


factory in San Diao. 


l2 July ish: Flutter investigation for typo 2-90 and 3482 airplane 
completed, MaximuG, Mach ілерег 1.3 and ви ада نآ‎ CAH J 
&irupeod „1 МР... 


22 duly 1954; Flí,nt characteristics durim: oening o" misgiie ову 20074 
were demonstrated to have no шалмай ofrecio мо to Мах! 
number OF oe JE. 


ey Jury 1955; Сопы tie? initial саг маг ev. lo nent 01 ул» | 
GALLEN vybeh, апа obtained haste meu, cule cata vitu vis 
гам эле,» 
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2k August 1955; The ram uir turoine emergency oydraulic systen was 
successfully operates in tlight. 


25 August 1954: The first air starts were sccon;jlishea. No difficulties 
were encountered, 


Я September 100%: А GAR-l missile was fired at 25,000 "cet сгезвиго altitule. 


! 

11 September 1954: Second 8404; üir lane серво testing wilta an extended nose 
and large zuel&jgo elovou О111666, Susscquent testing 

proved predicted improvement in supersonic dreg aac in 

і 

| 


maximum power climo  ner:ornmance. 

15 September 1958: A Simulated landing was made usin; ram air turbine hydraulic 
pressure only. Satisractory control was maintained down to 
140 knots. 


2 Septemoer 194946: А Mach numer оғ 1.31 was attained at about 30,000 feet 
pressure altitude. 


r 


1 november 2054: Four 2.79" FFAR rockets were fired at 20,070 feet pressure 
atitude. 


là November 195%; Tae Pirat night ЛЕ o? ас F-lu2 arv lane was made. 
19 november 1954: The first hooded instrument flicks was accomplished, 
e Decemoer 1975: Flight testing оу une "51105 assist" в system was started. 


15-27 December: Тыгое Air Fores pilots 814 ore чу ез pilot уљем evaluation 
tias douoluereadec control stiex. 


>> Tyres, у 4 аг کی‎ ee a Ta enit э mag. W iy л 
22 Decemver туба: Тао first i AT OY an Da i alr iane was made at Eiwar 5 АКО, 
| сі Decenoer 1394: Тие firat О-У: @irplanw attained в Мас, пылесг of 1.2 رر‎ 
| داد‎ у Жаз c4 st КТ” Се ЕТІ لان ىف‎ bule, 
| е) Dece"cer 1,516: a avs 2-5, air ымы ecceaded وق‎ , feet Qresounceo 
| &ltitude. 
дение Lots af “Aesth nititude ЕВА ку (Pe. A 0e a yb. 21164165 ево, 


3 Мау loo: First 2.00" rocket tice. cor Pelle, 
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June 1955: ` Air Force Fuase II testing was сок 12602. 
j June 1252: Longest 711255 tino of L hour, 12 wlnub3s, mile in YF-1L O. 


3 June 135'; шев Бо altitude firi; o? тоске at 55,9850 Tuet. 


f 


| 

| 

| 

io May 1955: Highest altitude firing ог CAR missile at 02,150 teete 
| 

| 

А Octover 1929: First (licht of trainer ПЕРА, 

Lo December 1955: First СТЕН of enlarged vertical fin on РЕМ 

22 Decesier 1555: First Mb-l1 rocket jettioores Frost a fixed pylon on ХЕ- Је. 
با‎ January 1922: First Phase VI 102۸۔۴‎ @elivered to Air Force at EAFS. 

19 January 19974: osian speed of Mach numuer 1.530 reacned in F-L32. 


li Feoruary 195; First delivery of FeivcA for rhase VII testing at Eglin AFE. 


lh April 1773: First delivery of Ё-1С2А Гог AF Armamcat Center testing at 


їз April 10725 First ТЕСТОВА Емо wits cut-cowr canopy. 


| 
1 
| 1 May 4252: First тасёіса) Е- СА Jellverce. to tne Ais Force. 
| 1 1 ма; First Мо-) rocket launched from ХЕ ОС. 

11 May 1226: Firot GAR-l missile Liv on drone (Зу Convair ut HAFF). 


| 14 May i550: Firat МГ-1 rocant, less rotor, сісзстед “гот F-.C2. 


5 June 1793: Сора 101:15у of the РСА, МО», РСЗ anu GAR-1 missile 
demonstrati пу destruction ог а QE- لہ‎ drone at AK. 


2a July аби. Engin: inl5t scoop antielce system evaluation сом ебе, 


Aust 19 <: Succes 3 "ul 
nmi hL altitude balloon target were с егтәгтед et AF... 


Snap Up Maneuver” 11206116 Firin 82281531 a 
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| iy Malas ld Toe F-X202A reaches an altitude ov n 


Ам ust LJ First . J: Tall UF-losA Рс. 
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20 Septenuer 1950: First {185116 Meine From a ТЕ-1С2А uir.r&?t at БАРЬ, 

17 September 1290: Armament панаа: und бау door 2069 tests conmnretoed, 
ест с oltoh "is" limitee testo соо а зц Sabisructerily. 

22 October 1956: External fuel tena Piutier teets сопы) ted. 


85 Octotcr 1955: — ТРОЈА roll соц ис teats completo. 


23 October 1950: А? electronics area ОМОТ tests comuleted. 


l9 November 1050: Tue voll couvling tusts cor;ioted оп toe Pelcca, 
29 November 1950: ТР-108А buffet testing сотр ۹۰ 


3 December 1955: Emergency fuel tranagfer tests anc 81: wheel ambient 
DICOQSUDC 2urvey have осор хотод. 
10 December 1/50: -1J2A landlur 13014, tests conplotel. The &f'Ler-Juct cheos 
тая bufret investigation, radume anti ісе 
lot's panci' vibration tosta comulete on the ТЕ-ІО2А. 


2 Песетоег 1950: Suceesuful ejected -AuncLin; of а Live Mel Socket from ап 
Pel oS . 


—. O — 0000 
"t 
F> 


i4 Decenuer 19565: First emergency ejection o? а pilot trom au РОСА, 


December 1950: Part I ОР >: percent, 90 jercent, aud 109 тегсөрс 

Syrmetrical load factor flight loads proram completed, 
3 January 1957: Exterual taux jettison ¢ tests and {ner Light Гиш] transfer 
tests сошрісбес оп the Pella. 


M 
ГА 
J 


22 January 1957: Cocapit carton monoxide tests. completed, 


5 Feoruary 1957: Draw chute déploynent, taxe ofi ала lowing performance 
and speed brake cifectiveness testes رود‎ On tie РОИА. 


First spin entry and recovery of tne РОСЛА aircsait. 
11 February 1257: Pilot's instrument panel vibrations testo, Stratos ог pfe 


1 
егыў (оп pac<ace tests and cabin бок ers ture CN UU 
гезроцье Tests complete? од | о И 
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Missile bay doors with debris ueflectors installed flutter 
tests and 2.T5-1nch rocket exhaust effect on GAR-l and 
САН-2 missiles completed. 


The 50 percent and JO percent asymmetric inerements of 
deaign limit loaus completed оп tne F-102A. 


18 Feoruary 1957: 100 percenu asymmetric maneuvor tests compicted on the 
Е-ЗО2А. 


Engine inlet duct enti-icing system tests completed in 
tne ТЕ-102А; 


со March 1957: Structural demonstration fiights started on FelOOA, 
2 April 1957: Airloads (with external tanzs installed) testing started | 
on FelCcA. 
23 April 1957: High pressure pneumatics system testing completed. | 
26 April 1957: Spin tests completed on F-lOCA. : 
22 May 1951: First spin entry and recovery completed on TF-102A. | 
13 June 1951: Spin teats completed on ТҒ-102А. | 
“86 June 1951: TACAN equipment evaluation initiated on F-1C2A. 
28 June 1957: irst production Case XX wing Е-102А delivered to test 
0886. 


23 August 1957: Stebility and control testing started on Case XX wing 
Ғ-102А. 


5 November 1957: Saapeup techniques evaluation initiated wit h F-122A, 


lv November 1957: Structural demonstration ог Case XX wing Е-102А 
completed. 
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BUMMARY OF FLIGHT TEST ACTIVITIES FOR 
DECEMBER 1957 THROUGH MAY 1958 


During the period December 1957 through May 1958 four (4) Convair test 
aircraft flew а total of 63.4 hours during 77 flights. Of this total 


54.7 hours (productive) were flown toward the accomplishment of the Convair 
Pis ght Test Program. 


Flight Test Items of Special Interest 
Aircraft S/N 54-1501 + Developed snap-up techniques Тос armament firing. 
Aircraft S/N 54-1301 < Structural demonstration progres completed; evaluated 
original and modified large speed brakes. 


Summary of Flight Test Operations 


А/С S/N CONVAIR OTHER AGENCY (1) FSC « F TOTALS 
Test No.of Test Xo.of Teat No.of Prod. Nop- Test No. of 
NN hour Fits. Hours Fits. Hours Flts. dours Prod. Hours Fits. 
55.1351 5.3 5 1.0 1 liz о 9.2 49 15.1 12 
5441 0 ally kd 19 17.1 Liek 19 
54-1398 17.7 20 2,1 2 17.8 2.0 19.5 22 
54-1401 2l. n 25. 20.6 E 21 gn Ч 25, 


77 463.4 3.7 64.7 27 28.0 1 1.0 وبا 43.4 
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Foreword 


This report describes and illustrates the status as of 
31 August 1954, and the progress for the month of August 
1954, of the U. S. Air Force Models YF-102 and F-102A 
airplanes currently being designed and produced by Convair, 
a division of General Dynamics Corporation, under contract 
C number AF33(600)5942. 
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Figure 1. Three-View F-102A (Model 8-10) 
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» Manufacturing 


STATUS 
PRODUCTION | 


АП eight Model 8-82 airplanes have been factory completed, six having 
been accepted by the Air Force. The seventh and eighth airplanes are in Field 
Operations, the seventh being flown to Palmdale California, 16 August. The 
eighth airplane is undergoing pre-flight operations and taxi tests at Lindbergh 
Field preparatory to anticipated flight to Palmdale 10 September 1954. 


The manufacturing program for the four Model 8-90 airplanes is pro- 
gressing satisfactorily. The first fuselage is shown in figure 2 as it appeared 
in the first Station of Fuselage Primary. Figure 3 shows components for the 
second airplane as they are being mated in the major mate fixture. The new 
waisted contour of the fuselage can be observed in this view. The aft barrel 
sections for the third and fourth airplanes are shown in figure 4. The third 
unit in the foreground is in a holding cradle, while the fourth unit is in final 
stages of build-up in the assembly fixture. 

Wings for the first three airplanes are shown in figure 5 on the Wing 
Primary flat line where tubing and electrical equipment is installed. Leading 
edges, fences, ailerons, tips and main landing gears are also installed during 
Wing Primary. 


Detail and Sub-assemibly manufacturing has begun on several major com- 
ponents required for the aerodynamic lightweight airplane. Approximately 
1000 shop fabrication orders have been issued, 25 percent of which are complete. 
First major component build-up is scheduled to start 1 October 1954. 


PLANNING AND TOOLING 


The tooling task on the Model 8-90 is considered essentially complete. A 
total of 4062 tool orders hàs been released on the Model 8-10, of which 2311 
have been completed. Of the 1751 open tool orders, 1311 orders are in Tool 
Manufacturing. 
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Figure 4. Manufacturing Progress (Model 8-90). Photo F8-2437 
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MATERIAL 


Material procurement for the Model 8-90 program is generally satis- 
factory. The latest possible date for receipt of OSP shortages has been 
established as 15 October. The engine required for the first production air- 
plane is falling behind schedule. Combined efforts of various Air Force, 
Convair and Pratt & Whitney personnel are being coordinated towards meeting 
the 1 October delivery schedule of this engine. 


Material procurement of a limited number of OSP parts is critical. The 
Material Department is doing everything possible, through the use of premium 
authorization, to obtain materials released with short lead time. 


EQUIPMENT 


The Roto finish and Magnetic Inspection machinery is currently being 
installed in the Welding Department. 


The Huffords and associated machinery are being relocated within the 
Sheet Metal Department. The Spotweld area, insofar as installation of ma- 
chinery is concerned, is progressing satisfactorily. Complete activation of 
= all the above will be delayed until adequate power sources can be brought into 
the plant and to areas involved. Approval of five of eight items involving this 
work has been received. 
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Flight Tests 


STATUS 
ACTIVITY 
Aircraft Serial No. 52-7995 (Model 8-80) 
Summary 


No flight operations were conducted during August. The aircraft has been 
grounded for extensive modifications at Edwards Air Force Base. 


a. To date a total of 98 flights have been conducted with a total flight 
time of 61 hours and 29 minutes. 


Q b. Major modifications during the rework period are as follows: 


— 


1. Elongated for ward fuselage section. 

2. Extended afterbody fillet. 

3. Balance line installation between left and right hand wing 
tanks. 

4. Removal of the fuel hydraulic oil cooler. 

5. Rudder feel system and nose wheel steering modifications. 

6. Drogue chute mechanism changes. 


c. Following the modification period the following sequence of testing is 


planned: 
1. Airspeed calibration. 
2. Performance. 
3. Compressor stall, detail characteristics. 
4, Longitudinal sensitivity tests. 
5. Lateral/directional adverse yaw characteristics. 


d. Flight Operations Report ZC-8-501-17 was published during August 
and covered the operations period of 12 July to 18 July. This covers 
the last flight operation of this airplane to date. 
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New Tail Configuration YF-102 No. 52-7995. 
Photo USAF 5298 


Figure 8. Left Foreground, 
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е. Summary of Flights 97 and 98. 


1. Symmetrical and anti-symmetrical shaker sweeps conducted 
at supersonic speeds (Mach 1.22 to Mach 1. 29) demon- 
strated flutter free characteristics. Damping factors were 
better than predicted. | 


2, High longitudinal control forces, but no adverse longitudinal 
oscillations were experienced during accelerated turns at 
Supersonic speeds. 


3. Dynamic directional stability at Mach 1.13 with yaw damper 
was excellent during "rudder kick" tests. 


Aircraft Serial No. 53-1780 (Model 8-82) 
Summary. 


The airplane has been returned to service following major modification 
and is now conducting Stability tests to aid in the development of the pitch and 
yaw damper system. 


à. Flight time this month was 49 minutes for a total time of 1 hour and 


13 minutes. 


b. Major Configuration Changes: 


The above mentioned modifications included the addition of the 
cambered leading edge, the reflexed wing tips, and a pitch and 
yaw damper system, 


c. Summary of Flights: 


Flight No. 2 was an instrumentation and airplane shakedown 


flight. 


Flight No. 3 continued the instrumentation and airplane shake= 
down and initiated the first pitch and yaw damper tests to be con- 
ducted by this airplane. These tésts were transferred to Serial 
No. 1780 from Serial No. 1779 for the purpose of completing the 
development of the pitch and yaw damper system. 


,d. Operations Planned: 
Further development of the pitch and yaw damper system апа, 


possible,performance tests of the Air Turbine Motor and the 
related Low Préssure Pneumatic System. 
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Aircraft Serial No. 53-1781 (Model 8-82) 


Summary 


Five flights were conducted to evaluate Ram Air Turbine performance, 
missile launching system operation, cockpit contamination protection system 
and air start procedures. 


a. Flight time this month was 2 hours and 20 minutes. Total flight time 
to date is 4 hours and 58 minutes. 


b. Major modifications to the airplane consisted of the following: 


1. Special pressurization switches were installed to provide 
manual control of the automatic cockpit contamination pro- 
tection system. 


2. Snubbing of missile bay doors and extension arms (to permit 
a longer period of operation for data recording purpose). 


3. Modified RA T with larger size supply and pressure lines 
and installed additional temperature and pressure probes. 


c. Ram air turbine performance was evaluated in the speed range of 140 
to 460 mph and altitude range of 2000 to 27, 000 feet. Dynamic re- 
sponse of the airplane to extension of and flight characteristics with 
the RA T extended were investigated. 


— 


Missile launching system was investigated for functional operation in 
the speed range of 0.62 to 0.88 Mach true at 26, 000 feet. 


d. Dummy missile firing is planned for the first week of the coming 
month. Contingent upon satisfactory results of the above tests the 
airplane will be transferred to Holloman AFB for continued missile 
launching and rocket firing tests. 


e. Convair Report ZC-8-504-1, Flight Operations Report, dated 23 
August 1954, covering flights 1 through 8 was published. 


f. Dynamic response and flight characteristics of the airplane during 
simulated missile launching were demonstrated to be satisfactory. 
This: will allow dummy missile firing tests to be conducted. 


Flight test of the Ram Air Turbine revealed a need for a revised 

installation design. On the first performance test conducted the 

RA T drive shaft failed. Data obtained from the second flight test 
= indicated that cavitation was the cause of the erratic results on this 
Q) test and the probable cause of failure on the first test. The indicated 
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"Fix" of increasing supply and pressure lines was accomplished. 
Subsequent tests have achieved the predicted performance. Satis- 
factory R À T output pressures have been obtained in the speed range 
from touchdown to 460 mph. 


Cockpit contamination protection system was investigated at 25, 000 
feet Р.А. and found to be functionally satisfactory. 


Air starts were accomplished àt 24, 000 feet and 28, 000 feet using the 
standard emergency operating procedüres. 


Aircraft Serial No. 53-1782 (Model 8-82) 
summary 


The aircraft,having completed most of the presently assigned series of 
tests, was flown to Palmdale for readiness for participation in the National Air 
Show at Wright Field. 


a. Fifteen flights were flown this month with a flight time of 12 hours and 
10 minutes, making a total of 21 hours and 10 minutes for the aircraft. 


b. Evaluation of production type antenna systems. 


UHF Communication Antenna 

The operational characteristics of the UHF communication antenna 
System were proven by flying the tests as outlined by applicable Air 
Force specifications. Audible signals were received by the ground 
station at better than twice the range required by the specifications. 
UHF communication was good throughout the entire test program. 


UHF/DF Antenna 

The UHF directional finder system antennas were proven by flying two 
air-to-air homing flights and two air-to-ground homing runs.Operation 
of the homing system met all applicable specifications. 


Glide Slope Antenna 

Two ILS approaches were completed at the Palmdale, California, facil- 
ity. Tests were conducted with the nose radar dish in various posi- 
tions to check for any possible glide slope antenna pattern distortion. 


IFF Antenna 

The IFF antenna was checked by using ADC radar tracking for the 
UHF antenna tests. This proved out the antenna system under oper- 
ating conditions. 


c. All uncompleted tests of this series have been assigned to aircraft 
Serial No. 53-1783. 
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Aircraft Serial No. 53-1783 (Model 8-82) 


Air Force acceptance tests were completed on the airplane at Palmdale, 
and the airplane was delivered to Edwards AFB for the purpose of accomplish- 
ing the Experimental Flight test program, 


a. Two flights, including the ferry flight from Palmdale, were flown for 
a total flight time of no hours 50 minutes. 


b. Initial shake-down tests. were partially completed and installation of 
instrumentation necessary for scheduled flight tests was started. 
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Engineering Tests 
& Studies 


STATUS 
FLUTTER INVESTIGATION 
Present Airplane 


It is anticipated that a protective coating of Thermoclad, a product of 
Sherwin Williams Paint Company, will afford sufficient temperature insulation 
of the 1/9-scale wing flutter model to preclude the possibility of aerodynamic 
heating causing a failure. The required thickness is presently being deter- 
mined and it is expected that the next model will be shipped to NACA Langley 
Field, Virginia,by 7 October 1954. 


The final summation of flight flutter test results is presented in Addendum 
4% ПІ of Convair Memo DF-8-117, Status Report on YF-102 Airplane Flight Flutter 
Tests, dated 25 August 1954. 
| | F-102 Airplane 

Convair Report number ZU-8-025, Outline of F-102A Aeroelastic Investi- 
gations, dated 25 August 1954, has been prepared to enumerate the computa- 
tions to be made to attest to the flutter safety of the F-102A airplane. 

Construction of the 1/5-scale F-102A fin and rudder flutter models are 
progressing on schedule with construction of the jig near completion. Final 
design details are being completed with present design efforts concentrated on 
the dummy fin to be used in conjunction with the flutter model on the test vehicle. 
VIBRATORY INLET DUCT STRESS SURVEY 

Results of all tests to date have been compiled and are presented in Con- 
vair Memorandum No. DF-8-135, Fatigue Study of the F-102 Air Inlet Ducts, 
MISSILE BAY AND MISSILE BAY DOOR STRESSES AND PRESSURES 


The results obtained from flights 9 and 10 of aircraft Serial №. 53-1781 
(Model 8-82) are presented in Convair Memo DF-8-138, Missile Bay Data 
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from Serial No. 53-1781, Flights 9 and 10, dated 21 August 1954. To date, 
inadequate data are available for proper evaluation of stresses and pressures 
acting in the missile bay area. 


AIR LOADS 


Calculation of elastic airplane aerodynamic coefficients for the F-102A 
airplane has, been initiated. 


Calculated data for yawing maneuver REAC Studies of the TF-102 air- 
plane. have been obtained. 


A wing strength evaluation study of the TF-102 airplane has been started. 


Loads on the TF-102 nose boom have been estimated. 


Flight. testing of the pitch and yaw damper systems on aircraft Serial No. 
53-1780. (Model 8-82) has been undertaken. However, the flight results are * 
yet to be made available. че 


Pitch damper installation on aircraft Serial No. 52-7995 (Model. 8-80) has 
not been made. 


А yaw damper installation has: been. completed for the airplane to be flown 
at the Dayton air show. 


PILOT ASSIST SYSTEM 


. The pilot assist components for aircraft Serial No. 53-1780 (Model 8-82) 
are being checked out on the Model 8-83 test stand. Small residual oscil- 
lations noted оп Ше test stand/have been responsible for delaying the checkout. 


The automatic trim switches, are: presently being developed by design 
groups for use as a safety device for pilot assist. No automatic trim will be 
used during the early flights: of the pilot assist system. 


CSTI DEVELOPMENT 


The problems of limit cycles and noise, previously present when орега ше the 

test stand control system with the CSTI, have been eliminated for all practical | 
purposes. The most satisfactory tie-ins have been made with the nêw М-Н 
low dither actuators. 
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FLIGHT SIMULATOR 


The flight simulator has been giving consistent checks on the aircraft 
response with yaw damper. Tests are still being continued to compare flight 
test and the theoretical responses. 


FLIGHT TEST ANALYSIS 


The status of the flight test analysis on Serial No. 52-7995 (Model 8-80) 
will be reported in memorandum DF-8-137, Status of Dynamic Tests for YF- 
102 Airplane Serial No. 52-7995, dated 16 August 1954. 


FUEL SYSTEM TEST STAND 


Transfer of the full scale mock-up of the Model 8 fuel system from the 
Thompson Laboratories, Inglewood, California to Convair, San Diego, is tenta- 
tively scheduled 1 December 1954, 


Convair Engineering Test Laboratories has supplied Convair Plant Engi- 
neering with a layout drawing for the mock-up installation at the Convair Ramp. 
Purchase orders have been released for the majority of equipment required to 
replace Thompson owned equipment not being transferred to San Diego and 
necessary for operation of the mock-up installation. Specifications for con- 
struction bids for the test pit and floor slab are being prepared by Plant Engi- 
neering for release in the near future. 
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This Бусан operated freely between rear cable quadrant at Sta. 496 and 
atiok in cockpit. Due to crash damage aft of Sta. 496; the system was ine 
operable. 


Due to damage to the cockpit 00 of the control system, it was not possible 
to operate the controls, However, the visual report indicates that the portion 
of the systom aft of the cockpit was intact, 


The elevon system was inoperable due to extensive damage to the mixer unit and 
torque tube installation at Sta, 518 as a result of crash damage. 


This system operated freely between the rear cable quadrant at Sta, 496 and the 
stick, The torque tube at Sta, 494 was damaged by crash impact and was discon- 
nected from the 1 вузђев at tho trim actuator to permit an operational check 

on the elevator Q cylinder assembly. By operating the elevator Q cylinder torque 
tube slowly, the action of the Q cylinder assembly was noted to be smooth and 

free of friction, However, when operated rapidly back and forth, a moderate ine 
erease in friction was felt due to a light rubbing action between the gimbal 
mounting for the Q cylinder арӣ the outboard structural pivot support, The rubbing 
action was intermittent due to lateral flexibility of tho structural pivot support. 


, 


The entire throttle system was operable, However, due to damage at the inboard 
bearing at the torque tube at Sta, 448, approximately 507 force was required at 

the "Off" and "Take Off? positions to create movement. Between these extremo 
positions the operation was smooth and free of excessive friction, The afterburner 
switch was heard to actuate through the entire afterburner regime at the cockpit 
control when the lever was hinged outboard. 
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· The three trim actuators (elevator, rudder and aileron) extended and res 


tracted satisfactorily when electrical power was applied to then SENEE 
the 2 ماس‎ circuits,- 
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Above Report Submitted By Control Systema Committee: 
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fete Мо Паггаса (Convair,Chairman) 

_ E, Wright (Convair) 

. В. Ellis (Convair, Inspection) 
H. Porter (USAF Inspection) 
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The condition of the hydraulic and pneumatic systems was very good. The 
damage to the systems was a result of the wheels-up landing and was за 
follows: 


(a) Primary and secondary hydraulic reservoirs wero 
torn loose from their mounting. | 


(b) Rem Air Turbine and door were torn 10088, 
(c) Pressure line to speed brake cylindera was broken, 


(d) Center armament bay right hand door pneumatic 
actuating cylinder was broken at the threads on the 
rod end o 


With tho airplane supported by jacks under the wing, the main and nose lands 
ing gears were lowered by applying hydraulio, pressure to the landing gear 
down line. The speed brakes were ópened by applying hydraulic pressure to 
the speed brake open line, The armament doors were opened by applying pneue 
matic pressure to the door open line, Hydraulic pressure was applied up ۱ 
stream of the elevon control valves and the eleven valves were operated manus 
ally. The valves were free and tho elevon surfaces responded to valve actu« 
ation, | 


11/5/53 Above Report Submitted By: 


Н. E, Wright (Convair) 
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ACCIDENT INVESTIGATION REPORT 
KODEL ураљог SERIAL NO. AP 52-125 


HYDRAULICS AND HIGH PRESSURE 


3, The engine driven hydraulio pumps, Vickers $AAe60652-L, 
' were removed from the engine at Р.А.С, and delivered 
' to Vickers Incorporated, EL Segundo Division for inspection 
test. Pumps were in accordance with requirements, Vickers 
test report is attached, = us 


2. The elevon control valves, Weston #11290-1, were delivered 
to Weston hydraulics for inspection test. Valves were in 
accordance with requirements with testing witnessed b; 

Шо Мо. Withee of Convair and Capt. Thornton ЧЕАҒВ). Report 
will be forwarded as soon ав available. | 
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INITIAL PHYSICAL INSPECTION OF FORCED 
LANDING DAMAGE OF 22 70 АТЕСБАРТ 


1, Entire nose section forward of station 122.00 damaged beyond repair. 
This section was torn loose from the main fuselage. 


E u ҒазӘЛаре area between station 122.00 and station 178.00 damaged 
from W.L.-16 to lower part ОГ fuselage, Section caved in, 


23. Wisetie Bay area from Station 2217,00 to Station 403, 80 1 hae structure 
85768 and Missile Bay doors are also damaged, 


4. Lower fuselage from Station 403.80 aft and below wing lower surface 
damaged beyond repair, Bulkheads, fuselage skin ete. pushed up and aft by force 
of contact. 


‚5. Tail cone aft of canted bulkhead 8570341 torn looge from main fuselage and 
and pushed up into rudder. Afterbody damaged beyond repair. 


6. Lower speed brake 8-70615 damaged beyond repair. 
7. ‘Inboard edges of both L/H and Б/Н elevons damaged, Damage 18 ropairablo; 
8. R/H fairing of outboard olevon actuating cylinder damaged beyond ‘repair, 


9. R/H wing leading edge damaged beyond repair from leading edge station 
0 to L.E, station 219.09, 


10, R/H wing lower surface and internal ving structure demeged. | Lower skins 
broken and cracked, ribs cracked, caved in, | 


11. Outside skin of R/H intake air duct damaged from station 128,60 to station 
238.00, Skins in this area not ‘repairable, but would be replacesbio, 


12, Entire area from station 122,00 to station 217.00 along lemer surface of 
fuselage damaged beyond repair, Structure badly damaged 


13. Forward R/H thrust mount cracked. Turnbuckles О.К. 
J4, Lower end of Rudder damaged by toil Gone, This is repairable, 
15. 870438 housing just aft of canopy damaged by canopy when blown off, 


16, Forward R/H canopy glass shattered and minor sheet metal баласа aft end of 
canopy. Canopy repairable, 


17. Нове landing gear apparently not damaged, 
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18, Lower landing Bear fairing 12 and R/H damaged beyond repair, 
19. Hose wheel tire cut in tread, 
20. R/H and L/H main tires badly cut, 
21. Missile Bay beams cracked both L/B end R/H. 
шасы 
Electrical damage was confined to the nose wheel well area and the 


fuselage area below the wing. 411 other wiring and equipment which could be 
goon appeared to bs intact. 


FUEL SYSTEM 


ја А11 damage evidently result of gear up landing and nose section structure 
tearing Лепог surface of R/H wing. 


2. Fuel components intact excapts 


(à) R/H Booster pump pressure switch pressuro FTG pulled out of 
evitch as result of wing surface skin Bip, 


(B) Pilot valve float in tank No, 2 appeara to be in "up position" 
when it should be horizontal with fuel aboard, · 


3, On the under side of fuselage the fuel strainer was broken away from 
mounting and the air oil cooler broken away from mounting. 


2221. Hydraulic transmitters In cockpit read 1200 PSI for primary and secondary 
hydraulic systems, | 


2. Pneumatic system transmitter in cockpit read 2200 PSI. 
3. Emergency landing gear handle wag not ont. 


бо Ram gir turbine handle was not in the position to extend tha Ram air 
turbine, | 


5. R/H and ЫН elevon valvo and actuating cylinders and tubing locally appear 
:0 bo in goed condition. 


6. Rudder actuating cylinder and valvo and lines in the fin appear to be in 
good condition, 


То Hydraulic shaker unit in L/H wing was leaking oil, 
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Airplane was placed оп wing jacks and supported so inspection could be 
made of under carriage. 


1. Pump installation oh engine ОК, 
2 e Wing shaker system appears in good shape hydraulically, 
3, Reservoirs were torn loose from their mounting. 
IANDING GEARS ` | - К 


Both nose and main landing gear = up and locked, 


аа Цао „ДР 


1, low pressure pneumatic system * > Critical valves (АТМ shutoff and 
intercooler bypass valves) were visually inspected and were in a normal position 
and condition, ATH shutoff valve was in the closed position. Intercooler by pasa 
valve could nof be soon without removal of aircraft parts. Air pressure was noted 
in the interim water tank by depressing the filler сар bleed valve, 


The cockpit pressure dump valwe handle was pulled out showing the cabin 
on ram-air with no pressurization, | 


2, Heating and Ventilating, =< Nothing abnormal. 

_ 3. Oxygen System. = Regulator set at 100% oxygen, 900} indicated pressure, 
flo indicator reading 4%; pressure demand oxygen regulator іп "OFF" position. 
(This was turned off by Mr. Fish when he arrived at scene of accident). Conclusion 
that pilot was breathing 100% oxygen in anormal manner. 


Ёл Clorobromomothane e Bottles all up to charge = system not used, Aft most 
bottle.» slight leak in plastic cap and guage glass broken, : 


CONTROIS : 
1, Cockpit controi handle positions. 
| INCHES | 
а. Throttle = Lever found to be within „32 contacting cockpit "OFF" stop. | 
b, Emergency 6 Power e Full downs | 
€. Emergency lending Gear < Full fwd я 
d. Cabin air dump = Pulled 1.12 aft from forward position. 
6. Canopy release = Pulled „12 aft from forward position. 


2. Control stick = Control stick had been moved at seene af accident through 
operation of elevon surfaces by unidentified Air Foree Colonel, 
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CONTROLS: (Continued) 


3o 


4. 


Бо 
he 


landing Gear Switch e Full ор, 
Droge chute handle = Full dozna 


Rudder Pedals, 


8 


Co 


Фо 


Right hand brake rod’ leading vertically from brake pedal to tiler 
crank was badly bent, 


Center rudder control torque tubs deflected badiy to left at top 
due to deflected support. i 


Right hand master cylinder attachments at fore and aft were severed, 


Right hand cable attaching crank bent aft. 


| E | 
All damage from рате "dF through "d" caused by damage to bulkhead 
a% Station 122 due to crash impact, , 


Left hand portion of rudder pedal cockpit linkage appeared to be 
in feir she ра a 


Nose Steering System, 


а, 


b. 


Qo 


Nose steering torque tube through floor broken, 


Nose steering rod fitting for attachment to crank at Station 125,5 
was bent approximately 70 degrees but not broken. 


Nose steering linkage aft of Station 125.5 terminating at vertical 


torque tube near station 190 appeared to be OK, 


Vertical torque tube near station 190 was bent. 


А11 above damage was apparently caused by the crash impact, 


Е 


Elevator Syatem, 


е. 


f. 


Torque seal box at Station 195 appeared OK, 


Control rod attachments between crank دہ‎ torque seal box and torque 
tube erank st Station 211,5 appeared OK, 


Elevator cable quadrant and torque tube at Station 211.5 appeared OK, 


Elevator pulley brakot at Station 274 appeared OK, 


Elevator cable quadrant installation at Station 496 appeared OK, 


Both elovater cables had tension, 
=> 
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CONTROIS: (Continued) 


5. Adleron Syston, 


a. Aileren cable quadrant and torque tube assembly at Station 211,5 
appeared ОК, | 


b. Aileron pulley bracket at Station 274 appeared OK, 
в, àileron cable quadrant.at Station 496 appeared OK, 
d. Both aileron cables had tension, 
6. Elevon Syston: 
а. Mixer Installation. | 
| (1) Bearings ripped cut of mixer cradle at aft attaching end, 
(2) Foro and Aft channel support ripped off at Station 513,5, 


(3) Rod fittings on aft end of both rods leading to Station 
515.5 cranks were snapped off at threads, 


AILERON „КОР 
(4) ЧЕР ривһера115ісайіле to mixer was bent bub still attached, 
b. Elevon Torque Tuba Installation, 


(1) Bearings at outboard end of cach torque tube were ripped 
from "АЯ eames supports, 


(2) Torque tube assomblys appeared to be OK, 
в. left hand elevon follow-up crank ang attachment to wing fitting was OK, 


d. Pugh = Poll rod between follor-up crank and control valve including 
` attachments appeared OK, 


9. All damage under Part 6 appeared to be caused by crash impact, 
te Rudder System. 
a, Pulley brakets at Station 274 vere ок, 
b. Trim actuntor and Q piston mechanism at base of fin теге OK. 
o, Follog-up crank and control гой attachment to control valve vere OK, 


a, R/H cable was вдасиз L/H cabie had little tension apparently due 
to cockpit датаро, 
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CONTROIS : (Continued) 
28. Throttle Control System. 
а. Throttle brackets at Station 514 РРА OK. 


b. Throttle quadrant and torque tube installation at Station 446 
- appeared OK. Control rod connecting crank on torque tube and 
erank on engine: idler shaft was connected in place, 


Qo Engine idler shaft crank was slightly above 010 is 
approximately "OFF" position. 


d. Inboard-throttle cable atop at Station 403 was approximately 
430 aft of stop face indicating a near "OFF" position. 


ө. Throttles cableg appeared бо have tension, 
End of visual investigation 11/3/53 2:25 PH 
Any items not covered herein were not visible. 


1, Engine viewed from А/В nozzle, Turbine looked normal, Tail pipe dents 
much the same ag noted prior to this flight, granules of metal (possibly from 
compressor blades) and sand in tailpipe, Engine viewed from intake ducta looks 
good , some brush at inlet guide vanos and evidence of sand entering right 4006, 


2, large metal piecon іп gereen of Н.Н. compressor bleed fewer metal pleces 
in І.Н, compressor bleed = metal in both screens looks like airframe material 
possibly from nose disintegration. 


INSTRUVENTA TION : 


1, The nose boom remained attached to the nose cone which carried away at 
the point of connection at the photo panel, All screws were in the 08 
plates in the nose cone section as of 1430 of 2 November 1953, The nose cono 
was found aft and to tho right of the airplane. 


р 2, The photo panel remained attached to the aircraft through electrical 
and copper tubing heads, The photo panel was not badly damaged and the indications 
were recorded at approximately 1430 of 2 November 1953, Several instruments were 
scattered aft of the airplane. Pertinent 020 ware limited since electrical 
power was turned off, 

а. The vertical accelerometer at the photo panel was pegged at Z 12g. 

b, The inter-compressor total pressure gage reading was 90.9 in Hg. 


с. The turbine discharge total pressure gage reading тав 53.7 in Hg. (Cone 
dition of the latter tie істін not known at this tins.) 


JNFN 2. 


. (Continued) 


3. The section containing the four oscillographs was completely destroyed. 
With exception of two 250 foot magazines for osoillographs which were lying be- 
війе the nose of the airplane е (пау have been carried there by Air Fores persone 
nel) ~ the oscillographs were found aft and to the right of the airplane. Опа 
magazine wae broken open. The other three were sprung or dented but paper was 
undamaged о | I 


4, The Automax Camera and its film and magazine were aft of the airplans 
and the takeeup portion of the film magazine was broken open and film strung out, 


5. The photo panel leads were cut loose from the airplane at a point just 
aft of the nose wheel, (retracted position). 


6. The indicators in the pilot'a compartment were read at the scene of the 
ағавһ and were photographed by Air Forge photographers. 


8, Pertinent observations were that the engine, fuel system and 
electrical systems were in the off position. 


b. The wing shaker electronic control was on, but the hydraulic 
system was ln by-pass. ` 


с. Tho flight safety panel was selected to the wing shaker hydraulic 
temperature position, but the meter was pegged at zero percent, 


(power off). 
d. The oxygen cylinder pressure gage reading was 910 PSI, у 
e. The cabin altimeter pressuro indicator read 2200 ft. 
f£, Ths elevator Ра! fesl bleed reset switch was чро 


в, Ths accelerometer indicator needle read zero g, with the maximum 
needle а 1.0 g and the minimum needle at -2.5 g. 


7, The wing hydraulic chakers were apparently intact. The left hand shaker 
had а small hydraulic leak as before flight. None of the installed surface 
position transmitter installations ‘available through access plates were damaged. 
GENERAL: 

In the cockpit area the following items were observed: 

1. All circuit breakers were "on", 
2. The fire extinguisher switch was "off" and guard was down, 
3. The emergoney А/В cutoff switch was "off" and guard was closed. 


да The emergency fuel control switch was "normal" and guard was closed. 
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GENERAL: (Continued) 


The fuel pressurization switch was "on" and guard was closed, 
The battery switch was "off" and guard was open. 


` The АС power switch was "off" and guard vaa open, 


The D C generator switch was "off". 
The-emergeney inverter switch was "off", 
The L/R boost pump ewitches were "off", 


Precautionary action taken prior to picking up the aircraft: 


Electricians observed that the emergency battery was still intact 


and was supplying voltage on several leads, Since the battery itself could not 


be reached, an attempt was made to minimize the dange by cutting and insulating 
these leads in two placess 


(1) In the cockpit at the "emergency inverter" switch, and 


(2) In the nose wheel well at the "A C emergeney power 418» 
connect! relay, As soon as tho aircraft was lifted, a 
hole was punched in the В/Н missile bay door (арга 6م‎ 
station 320) and the emergency battery was disconnected. 


Nothing of а contributory nature to the accident was found as a result of 
physical Paresh: 


5 November 1953 


C Harolde (AF Insp.) 


Midi s Porter (АР Insp.) 
— Holbrook (P & Н) 
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SE MY Por an شس‎ = DD on Rss 


p | TRICAL ЗЕН 


PURPOSE A” To investigate the. elsvirical. systen to discover any | nalfunetion 
ары š which could have | 88 to tho accident. 


SCOPE? 1, 431 ego һагаввәв wera visually inspected, ' 
a, The نیج‎ d شا‎ eiroults were a through their 


1. Fuel Control 

2, Aftovburnor Control 

3. Aftovburüop Emorgondy Cütoff 

4. Engin Fuel Pump Low Warning 
. 5; Fl Tank Pressure Warning 

6. Fuel Boost Pressure Lew Warning 
7, Alternator Control and output. 


3. The following ciroults were energised through thoir سن‎ 
` breakers and tested for operation. 


l, Fuel Boost Pumps 
-2. 72131. Shutef? Valves 
3. ој Les level Warning 
4. Elevator Trim 
5, Ailervon Trin 
6, Rudder Trim 
7 Fel Tank Proscurisstion Valve 


RESULTS No physieal or funétional deficiency of the electrical system wan 
= disdevorod 3: tho course of this examination, 


Final evaluation of tho. electrical system and its units must await 
the results of the equippent ‘tests to Не performed on tho engine 

and 2121 control systems, ‘The А 6 вид D С gensraters will bo өхаше 
irod aniy 1f possibla, operated at the СТАС San Diego test facilities, 


_WETNESSESs  Тһозз 022-1 during the above mentioned inspection were: 


№. Ienten (GVAG Insp) 
R. U. Porter (AF Insp 
J. W. Gates (GVAC Engr, 


би 


DEA- 


۰ John W Cates 
Coaizrman, Electrical болн. 
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November 9, 1953 


Accident Investigation of 2 Electrical Supplement #1 


Purpose: To investigate the condition of the А.С. and D.C. 
| Generatora which supplied primary electrical power for 
the aircraft. АГ, ас | 


Scope: The units were inspected visually and functionally. 


Observations: 1) The units were physically sound. Small amounts of 
dust and debris were blown out of the units but no evi- 
dence of any’ damage, overheating, undue wear, or malad- 
justment s was discovered. 


2). The units weré mounted on tho test stand and run 
. under test conditions of varying load and speed. The 
units responded normally. | 


Тре D.C. Generator delivered rated load (400 AMPS) at 
rated voltage (26v). 

The А.С, Generator was checked at three speeds to obtain 
data to compare with the original tests on this"unit, which 
were run just. prior to installation on the engine in Sept. 
The two sets of data coincided аз closely as could be 


expected. 

Freq. - Voltage KW KVAR 
Original 350 119 5.5 5.0 
Retest 350 124 5,5 5.9 
Original 500 96 4,0 3.5 
Retest ` 510 108 5.9 4.0 
Original 250 72 2.0 2.0 
Retest 250 75 2,0 2,0 


Conclusion: The units did not exhibit any evidence of physical or 
| functional deficiencies and therefore could not have been 
а contributary cause for the &ccident. | 


Witnesses: P.D. Ferrara (СТАС Engr. ) 

С.В. King (CVAC Engr. ) 
oA, Gibb (CVAC Engr. ) 
„К„ Hartman (CVAC Engr.) 
„К. Walter (СУАС Engr. 
„И, Catos (GVAC Engr«) 


"anas 


“Sopa W. Gates 
Chairman, Elec, Committes 
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RECEIVED AIR RESEARCH AND DEVELOPMENT COMMAND 
AIR FORCE DEVELOPMENT FIELD REPRESENTATIVE 
NACA, Ames Aeronautical Laboratory 


SEP 3 54 Moffett Field, California 
$ : Е-102 . шоо (а 
E PROJECT AFDFR/DRL/ jb 
ЖЕ OFFICE 31 ‘August 1954 
/ 
/ SUBJECT: Dispositiom of Number 1 Prototype F-102 


| | _ ” я Cila c m VU 
| - foin F-102 PO File No T 
i Division of General Dynamics Corporation 

San Diego, California 

Attn : F-102 Projects Office, 


Mr. Jack Carter 


Reference is made to our telephone convérsation of 31 August. 
The information on the proposed disposition of the prototype F-102 was 
réferred to the Ames Laboratory by this office, The laboratory has 
decided not to request the number 1 prototype since it was believed to 
be more economical for the Government to büild a 40х80-Тоо% wind tunnel 
model than. to modify the number l airplane, This office therefore will 


бо request the prototype Е-102 ко the Joint Projects Office МАРС. 


| DONALD В. LATHAM 000 
| Major, USAF | 5 
AF Development Field Representative 


Sub. 
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CONSOLIDATED VULTEE . AIRCRAFT .CORPORATIO 
SAN DIEGO DIVISION . ~ ЗАМ. DIEGO, CALIF FORNIA 
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Consolidated Vultee Aircraft Corp— 


ий: ЗАМ Mau кен 


Еа 


EDUCATION SECTION 


INDUSTRIAL RELATIONS DEPARTMENT 


September 19, 1950 


Prom. Ft. Worth Manual‏ کر ور 
vised October, 1949‏ 


FOREWORD 


c 


Aircraft fabrication and assembly operations are normally 


performed according to the engineering specifications found on the 


blueprints. Accurate and intelligent interpretation of blueprints then 
become the primary concern of each mechanic and supervisor. 

This manual. has been prepared for ‘the purpose of assisting 
both the shop supervisor and mechanic in developing an orderly approach 
by which correct information сап be secvred from the blueprint. The 


content of this manual 1s such that the most practical benefits can be 


gained by the employees whe use it ав a text in yocational blueprint 


roading classes; however, this does not preclude its utility as a refer- 


ence when questions arise in the shop. 


Frequent adaptations of materials from Army Technical Order 
No. 30-1-1, "Reading of Aircraft Drawings" has been made in the manual 
in explaining Consolidated Vultee drawing practicea. 

The original development and organization of the text material 
for this manual was done by J. L. Butts, Education Specialist; the edit- 
ing end typing by Merle Ganier, stenographer in the Edueation Section; 


and illustrations were drawn by Frances Anderson of the Product Fngin- 


eering Department. The services of R. E Schwarz, Carl Heim, J. T. King,and 


C. 0. Unfried f the Product Engineering Department have also been in- 


valuable-in the final preparation of this blueprint manual. 
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I. INTRODUCTION 
A, WHY BLUEPRINTS ARE USED. 


The object in using a blueprint is to give the mechanic а picture of the 
parts the engineer designs for the airplane. 


A blueprint actually їв the engineer's written instructions to those plan- 
ning, fabricating, assembling and installing. the parts which have been ap- 
proved for the completed airplane. To the mechanic, the blueprint 18 one 
of the most important papers оп the Job. It has the instructione, the 
codes, and the pictures of the parts that the mechanic is going to assem- 
ble or install in the airplane. 


Reading aircraft drawings will be an important part of your work in the 
shop. You may not be asked to make such drawings, but you must be able to 
use them. For this purpose you do not need a long and complicated course 
on the technicalities of mechanical drawings . Instead, you can learn 
swiftly about the different kinds of drawings used most frequently in 
your work. 


You might think that the best way to find out about an airplane would be 
from a good photograph. American engineer8, however, could not figure out 
the detailed construction of the Japanese Zero planes from the firat pic- 
tures available. After a Zero was shot. down, they secured more information 
by looking at it from all sides. ‘They understood it completely after they 
had looked at it from the inside, had taken it apart to see how it was 
made, and finally liad made drawings to gather together the details of their 
observation. In normal manufacture of planes, such drawings are made first 
ard. thé parts are built from them. 


By using these drawings of plane parte for guides, you will be able to man- 
ufacturs any type of part.' You can get the general appearance of & part 
from а photograph, but you will need drawings to show you how it 8 
from the top, from the side, from the front, in cross section, and from 
all angles. These drawings are carefully labeled so that you know how big 
the part is, what material it 15 made of, and how it is made. 


Learning to use such a drawing is like learning to read a road map or use 

& dress Pattern, | After you find out the meaning of the abbreviations and 
ing them, you تہ‎ their meaning without difficulty. “Likewise, when 
you understand the meaning of the abbreviations, lines, and views, and have 
had some practice, the use of drawings is not àifficult. It is the purpose 
of this book to tell you what the lines and terms in aircraft drawings 
mean, and to help you use them successfully. 


B. WHAT AN AIRCRAFT MECHANIC SHOULD KNOW ABOUT. BLUEPRINTS. 
1. How blueprints are made. 
2. How to obtain and return blueprints. 
3. How to care for and handle blueprints properly. | 
4, How to determine whether a blueprint is the latest release and how 

to locate alterations and changés on the blueprint. 

>. How to interpret the kinds of lines, symbols and abbreviations used 
on blueprints. 

6. How blueprints are named and numbered. 

T. How lines indicate the definite size and shape of parta. shown оп 
blueprints. 

«ls 


C. 


8. How to obtain information from blueprints in an orderly fashion. 

9. How to determine sizes, number of parts, and kinds of material from 
information given on the blueprints. 

10. Understand the nomenclature and terminology of aircraft. 


HOW BLUEPRINTS ARE MADE. 


Engineering drawings are made n pencil on paper, cloth or metal. The 
metal drawings are photographed half-size and cloth phototracings are then 
made from the negatives; thus, we have three types of tracings, namely, 
paper, cloth and photo. 


The lines from these: tracings are then transferred to blueprint paper(which 


is coated with a yellowish-green cheinical on one side), by placing the 
tracing over the chemical aide of the blueprint paper and exposing the two 
either to the sun or to artificial light. The two papers are held firmly 
in place during this operation by the use of نہ‎ special container which 
permits the light to enter but ۰ the sheets firmly. 


The light passes through the transparent portions of the tracing onto the 
chemical aurface of the blueprint paper, but does not pass through the 
lines and letters on the tracing. This results in an exact duplicate of 
the original drawing on a paper which 18 suitable for shop purposes. 


HOW BLUELINE PRINTS ARE MADE. 


Blueline prints are made by practically the same process as blueprints ex- 
cept that a Vandyke negative is made from. the tracing. This negative is 
brown with all lines white. When the negative is used to make the print, 
light passes through thewhite lines to the blueprint paper, but does not 


pass through the brown part of the negative. This resulta in a print with 


& white background and blue lines. 


HOW MASTER DESIGN LAYOUTS ARE MADE AND USED. 

Master Layouts are classified as Master Lines Layouts (М. L. L.'s) or 
Master Design Layouts (M. D. L. 's). Тһе following description of these 
layouts is quoted from the CVAC Drafting Room Manual: 


"The Master Lines Layout (M.L.L.) is a full scale layout made on 

a stable material, usually a reproducible sheet of metal. It shows 
the basic gontoure of a part and the intersection and relationship 
of that. part with attaching members. The basic letter of the drawin, 
number shall be suffixed by the letter "Г". Example: 36812003. 


"A Master Design Layout (M.D.L.) ів a full scale layout made on а 
reproducible le metal sheet, on which the original detail design has 
been developed. Master Design Layouts shall bear a standard title 
block, bill of material and alteration block, which must be signed 
by the Design Group concerned, Structures Group, Checker, Tooling 
Consultant and the Project Office. Photo-tracings are made from 
Master Design Layouts and from these are made the blueprints for 
distribution.’ 


Blueprints made from M. D. L.'s do not give dimensions unless the part 

to be made must be held to a closer tolerance than shown in the title 
block of the blueprint. In those cases a dimension will be given showing 
the necessary tolerance. If other dimensions are needed, they must be 
Scaled from the Master Layout. In most cases additional information 
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may be obtained from the Bill of Material. 


By using the X-Ray Reproduction system, full aize reproductions on metal 
are made from the Master Design Layouts. These full size reproductions 
are used ав working masters in the ghop and also to make templates and 


assembly fixtures. 
HOW BLUEPRINTS SHOULD BE HANDLED AND CARED FOR. 


Prints are valuable. A print well cared for will last a long time. The 
care. and use you give а print will immediately show how much you know about 
the correct use of a print, and will tend to show what kind of a worker 


you are. 


When you receive а print from the plant's blueprint booth, 4% will prob- 
ably be folded to the correct Bize for filing. Usually the number of the 
drawing ie printed in the corner so that 1% 18 unnecessary to unfold it to 
determine just-what it refers to. 


These folds should be observed, апа when opened, should never be bent back 
on themselves. Print paper is brittle because of its exposure to strong 
light when printed, and if the print ig folded any way tut the original 
мау, the print. will separate in the folds. 


Three things are mainly responsible for damaging prints: 


1. Dirt. Grime from your hands, or grease, mud, or dust may obscure the 


2. Moisture. Perspiration from your hands may spoil & print; also water, 
or solvente such as gasoline, Prestone, or some other solution used on 
the job. may damage the print. 


3. Tearing. Prints should pe handled carefully in 4 strong wind outdoors 
To prevent tearing. Also, careless handling and tools lying on the 
working surface may result in torn prints. 


These are the physical things that will damage a print. Prints are spoiled 
unconsciously by changing figures or inserting notes. If you should find 

& wrong dimension, do not change it, or make any note on the print whatso- 
ever. Report the error to your supervisor who will refer the print to the 


Liaison Group of the Engineering Department. 


REMEMBER - ONLY AUTHORIZED ENGINEERS ARE PERMITTED TO MAKE ANY CHANGES 
ON A PRINT. 


Let us take a typical situation from start to finish in handling a print. 
We will assume that the print 1s a large. one. 


Wipe the grease or dirt from your hands before you get the print from the 
blueprint booth. You then take the print to the plane on which you have 
been working. Benches here are full of tools. Workmen have been install- 
ing the hyüraulic brake lines, and the floor 18 spotted with hydraulic 
fluid. The only place large enough and clean enough for the print is 


the wing of the airplane. See figure ۰ 


You size up the situation ana then wipe the wing of the plane to be sure 
that it ia free of dirt and grease. You unfold the print, being careful 
to observe the way it hae been folded, and lay it carefully on the wing. 
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When you have the necessary information from the print, carefully fold it 
in its original folds and place it. in а drawer or clean out-of-the-way 
place. If there is а designated place for prints to be kept néar your Job, 
do not hesitate to return it even though it may mean a little time and ef- 
fort. If you will not need the print for some time, return it to the blue- 
print booth. | 


If you return a clean, untorn, and neatly folded print after you have fin- 
ished with it, you have. passed one of the first steps in becoming a good, 
careful worker. 

HOW TO CHECK OUT AND RETURN BLUEPRINTS. 
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Listed below are certain restrictions in force at the present time in re- 
gard to obtaining blueprints: 


1. Any CVAC employee may check out blueprints from any Production Blueprint 
booth. 


2. Prints in the Engineering files may be withdrawn only by engineers or 
specially authorized persona. 


3. "File blueprints" will not be given out to production departments, but 
may be had for reference, if not removed from the file room. 


4. Charge cards must be made out in the prescribed manner by anyone re- 
questing a blueprint. 


5. Blueprints will not be furnished to anyone representing somebody else. 
They will be given only to the person named on charge card. 


=: = 


When blueprints are to be withdrawn from the Central Production Files, the 
person wanting the print will obtain a Blueprint Charge Card. Attention is 
called to the fact that two different charge cards are used: Production 
Print Charges, and Tooling Print Charges. It is important to use the cor- 
rect type of card when making out a blueprint request. 


On the charge card is.to be entered, in the spaces provided, the number of 
the print, sheet number of the drawing, name of the person requesting it, 
his department, and the date. Clear and legible writing 18 essential. The 
file clerk will check the card, and if found in order, will procure the de- 
aired print. The card 18 then placed in the file in the space formerly 
occupied by the blueprint. 


When the blueprint ie no longer necessary, 1% ia returned to the Central 
Files. It is best to return a print personally, since the chances ‘of its 
becoming lost are thus lessened. Special containers, provided for returned 
blueprints are cleaned out at regular intervals by the file clerks and the 
prints ere returned to their proper places in the files. 


Blueprints should always be returned to the same booth from which they-are 
checked out. 


The charge cards are then removed from the print position im the file, thus 


completing thetransaction. 1% is advisable to remain until the charge card 
ie removed, and responsibility for the print has been removed. 


SOURCES OF INFORMATION. 


Information óther than the actual blueprints is often necessary to plan, 
fabricate and install the parts in the airplane. This information 1e ref- 
erenced on the drawings and consists of Standard Parts Books, Materials 
‘Manual, Finish Specifications, etc. Your supervisor usually has available, 
of can locate these books and reports. 


1. Standard Parts Books - available at all blueprint booths. (See 
section on Standards for complete description.) 


в. AN Standards Book - Army and Navy Standard Parts. 
b. Standard Parts Book contains: 


) 9 Parts - СУАС standard partes. 


(1) 
(2) Y Sections - sheet metal parts usually formed on rolls. 


с. Miscellaneous Standard Parts Book contains: 


3 
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о, Master Parts Book - a record book of all drawings available only in 
the Engineering Department. ۱ 


3. Materials Manual - contains descriptions and specifications of alr- 
craft materials. 
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6. 


Technical Process Instruction Manual - describes processes and tech- 
nical instructions that. should be followed in processing, assembly, 
and installation of parts. 


Division Standard Practice Manual - describes all policies and prac- 
tices established for the conduct &nü operation of the Fort Worth 
Division. 


Drafting Room Manual - describes drafting departmont procedure аррготес 


for the making of all drawings and blueprints used by this Division. 


Available from the Engineering Department. 


If the information required cannot be located from these books, then the 
Liaison Engineer assigned to your department should be consulted. The 
Liaison Engineer will act ав a coordinator between the shop and the Engin- 
eering Department in securing and interpreting information required to 
build the plane according to specifications. 


Additional information may be secured from the Engineering library located 
in the Engineering Department. The Education Section of the Industrial 
Relations Department also has & library of books related to Biroraft. Thee 


booke may be checked out for home study. 


AN ORDERLY PROCEDURE TO FOLLOW IN READING BLUEPRINTS. 


1. 


Check drawing number and title ог name to be Gure it is the right blue- 
print needed. 
CAUTION: You may need to chock out several or all prints 
yelating to the part or assembly to secure specific 
information needed. 


Note Engineering Orders (Е.ОҒа) that are on the blueprint and their 
effect upon the job to be done. 
# 


Check change letter and note effect upon. the print information. 
Note the scalo shown in the title block. 
CAUTION: Never scale the print. 
Note bill of material and dagh numbers for information. 
CAUTION: The Bill of Material does not 1185 finish sizes. 
Finished Bize must be obtained from dimensions on 
the blueprint. 


Read general. notes, for they are always important to correctly inter- 
pret the blueprint. 


Study all views and cross sections to visualize the shape of the parts 


Then note the specific information needed at the time to do the job. 
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II. KINDS OF AIRCRAFT DRAWINGS 


Assembling thousands of small parts into a whole unit that will fly is a tre- 
mendous task. Some of the small planes are comparatively simple in their 
structure, but the large ones aro complex and difficult to construct. To 
build a plane of any size, workers need drawings showing the details necesaary 
for making small parte, drawings showing how the parts are put together, and 
drawings showing the completed structure of each assembly. 


Several kinds of drawings are necessary io make and assemble а giant bomber. 
Several major assemblies make up the bomber. A major assembly 18 composed of 
&ub-assemblies and single parts. Some of these parte present few problems in 
manufacture, while others are so complicated and intricate in detail as to 
challenge the imagination and skill of the most expert craftemen. 


Figure 2 shows an Exploded Drawing of a bomber. It gives you a generel under- 
standing of the way the major assemblies of tho bomber go together. The major 
aBsemblios are the various parte which are brokon away from each other as large 
units. 


Structural diagrams also help workers to find out how planes are put together. 
A structural diagram shows clearly how the various нша11 parts are assembled 
вв а unit. Where the construction 18 not clear, а portion has been drawn on 
& larger scale at one side of the main drawing. It is not a Detail Drawing 
because it does not give the information needed for manufacturing the part. 


The drawing, however, does show the detailed construction of a large assembly. 


This particular type of drawing is useful because. it shows in a general view 
the location of parts in relation to one another; and at the same time it 11- 


lustrates, at larger size, joints end fastenings which might be difficult to 
visualize in the drawing of the completely assembled unit itself. 


Figure 2 is used for illustration only, and is not a released drawing from the 
Engineering Department. 


Before the major units of а plane are ready to hg put together, the workers 
must. use Detail Drawings, and Assembly Drawings/guide the manufacture of each 
emall part. Assembly Drawings show the appearance of two or more parts after 


they have а نما‎ er 


A detail drawing shall furnish all the necessary: information which is re- 
quired to make the single part which it represents. Ite main conéider&- 
tions shail be the shape of the part and the material from which the part 
ود‎ made. Adjoining parts aro not shown, and furthermore, no reference 
will be made to adjoining parte unless such information is necessary to 
make the part. See Figure 3. 


B. ASSEMBLY DRAWINGS. 2 


An assembly drawing gives all the necessary information required to join 
two or more parts. The drawing is dimensioned to show рн جو‎ 
between parte. Attaching devices such as bolts, nuts, and rivets are 
called out on assembly drawings. A list of parte which are detailed on 
separate drawings, and therefore, must not be detailed on assembly draw- 
ings, is given under detail drawings. 
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Figure 3 


Whenever parts are given dash numbers and detailed on assembly drawings, 
this drawing must provide all the information required for fabrication as 
well as the information for assembly of the parts. Sse Figure 4. 


INSTALLATION DRAWINGS. V 


An installation drawing gives ell information required to incorporate 
parts or assemblies into the airplane or its components. The dimensional 
relationship between parts or assemblies, and the method of their attach- 
ment on installation are given. Only a small amount of details of the 
Surrounding structure is shown, but established stations, reference points 
and lines, directional notes, etc., are given. When ah assembly is shown, 
it 18 called out. by the assembly number rather then by the individual com- 
ponent part numbers. See Figure 5. 


А tabular р. either assembly or detail, 18 used to represent а 
series of geometrically similar parts, or aesoublies which differ only in 
common dimensions. Each part ‘represented by the drawing is assigned a 
dash number, and the variable dimensions are indicated by letters. The 
letters and dash' numbers are arranged іп а table so that the numerical ` 
values of each dimension are shown for any particular part. See figure 6, 
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Figure 6A 


111, THE DIFFERENT VIEWS ON A DRAWING 


To get a complete picture of anything you must lock at it from more than one 
point. of view. 


If you stand directly in front of the house shown in Figure 8, looking aquarely 
at 1%, you get some 1406. of what it +s like. But you cannot tell very much 
about anything élse except the front of it. You 2۵9۲ t know how far back it 


extends, or what the shape of it 1в like, except what you can see from the 
front. 


ied 


Figure 8 | Figure 9 


If you look at it from the sido, also, ав dub ЭЭН 9, you get more in- 

formation about tt, You seo that 1% has two atories, and that there are four 
windows on this side. You notice a rear porch. From the width of the chimney 
you might assume that the House has а fireplaco. You cannot tell whether the 


porch ie in the middle of the back of the house, or near one end; nor can you 


tell how many windows there are on the back or how long the porch reolly ۰ 


To get thie information you must look at it from the rear ۰ 


Figure 10 


Standing now at the rear of the house you can see there are two windows and 4 
door just as there are in the front. You can also seo that the back porch 18 
larger than the front steps or Btoop, that it ie in the conter, and that it 
reaches out and covers both windows. You could not know this by standing only 
at the front or at the side; you had to go around to the back and look at it 


alao. from there. From each position (or view, ae it 18 called on а дка в) 


you вам something you could not see from tho others. 


Ав it was with the house, so it ів with the airplane. In order to have a true 
picture of Figure 6, we must look at 1% from more than one side. Ме find that 
looking at the plene from three different positions gives us в pretty good idee 
of tho plane. A top view (or plan view), & front view ( or view looking aft), 
and а side view (view looking inboard left-hand side), are the опев commonly 
used. - 9 = 


Figure 11. 


Let us imagine ourselves above the airplane shown in Figure 11. It now appears 


as shown in Figure 12. We are looking directly down on it, and sec the top 
view, or plan view. 


of 


Figure l2 


In Figure 12 we are able to soe the shape of the wing, the tail surface, and 
the general shape of the body or fuselage. We can see also the position of 
the rudder and can get an idea of the wing span as compared with the length of 
the plane. 


Let ue change our position and gét directly in front of the plane. From this 
position we see what is called the front view, or view looking aft, shown in 
Figure 13. We can 6 the shape of the fuselage, the position of the tail sur- 
faces, and the height of the rudder and cockpit. 
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Although a photograph or a picture drawing (which looks much like a photograph) 
shows a great deal about an object, we usually need Three View Drawings to вее 
many of the details. Aircraft workers need to be able to “read” these Three 
View Drawings. 


Now АҒ we walk around to tho side of the plane, we get a picture of it ав 
shown in Figure 14. We can вео the chaps of the rudder and the shape of the 


fuselage, ав viewed from the side, or view inboard left-hand side. 


Figure 14. 


THE THREE VIEWS OF A DRAWING 


To understand how to go about the reading of aircraft drawings, let vs atart 
with a drawing of а very nimplo object. Figure 15 ів а sketch or picture draw- 
ing of a small block of wood, about the size and shape of а box of safety 
matches, shown as it would look when resting on а table. Let us 800 what a 
Three View Drawing of this block would look Like when viewed from 158 various 
sides. 


TOP 
VIE ۷ 


«АО, 
FRONT VIEW NC 


Figure 12 


If you were to look directly down on the block, you would see the outline 

shown in Figure 16. This is known as the top view. From this view you cannot 
tell how high the block 18, but you do got an idea of its shape ae viewed from 

the top. You can see the four odges at the top of the block, but no more. To 

got г. more complote picture of the block you will need to look at 1t from other 
points of ۰ 


When looked at from the front, the block appears as shown in Figure 17. This 
is known a8 the front view. This view shows the length and the height of the 
block. 


When seen from the right-hand side, the block appears as in Figure 18. This is 


known аз the right side view. In this view you sce both the height and the 
width or depth of the block. 


Each of these views of the bloc« tells you something different. Instead of 
scattering these views about at random, wo place them near onch other and line 


£ 13 


Figure 16. 


FRONT VIEW 


Figure 17. Figure 18. 


them up so that it is ensy to go from one view to another to learn the shape of 
the object we are studying. Figure 19 shows the three views of the block in 
their positions as they are commonly shown on drawings, with the top view at 
the top of the drawing, the front view directly undor it, and the right-side 
view to the right of the front. view. This arrangement is commonly used in 
Three View Drawings. 


ТОР 
VIEW 
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Figure 19. 


In а Three View Drawing, the different views are always lined up accurotely. If. 

you were to take a ruler and lay it along the top and bottom lines of the front- 

view, you would find that it lines up with the top and bottom lines of tho гілһ%- 
side view. Also, the lines at the left and right sides of the top view lino up 

with the left and right sides of the front view. ) 


То make sure that you understand tho position of the different views, tako a 


piece of transparent paper and trace or copy figure 19. Cut the tracing paper 


on the solid lines; fold the top view back on the broken line, and the right- 
side view back on the broken line. 
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You should now have three sides of the box in such а position that you can 
readily see the size and shape of the box itself, You will find it helpful in 
making a mental picture of any object represented in a Three View Drawing if 
you imagine how these views would look when folded together in this way. 


Thus far we have been studying the location of the three views usually found in 


drawings. Now let us see if we can locate the corners of the block on the 


three views of the drawing. On the block shown in Figure 20, the corners which 
you can see are numbered from 1 to 7. Each of these corners is found somewhere 


on each of the three views of the Three View Drawing. let us look first at 
corner No. 1, and see where this corner is located in the different views. 


RIGHT 
SIDE 
VIEW 


Figure 20. 


When you look down on the block (top view), corner No. 1 is seen to be the 
lower left-hand corner, and is shown in this top view as point B. When you 
look کہ‎ the block from the front view, corner No. 1 18 seen as the upper left- 
hand corner and 18 shown in this front view as point E. When looked at from 


the right side (right-side view), corner No. 1 is shown as the upper left-hand 


corner, or point M in the right-side view. Here you will note that corner No. 
1 is behind corner No. 2, and both corners are shown by point M in this right- 
ваде view. ) 


Now look for corner No. 2 in the three viows. In the top view 1t is shown ав 


point C. In the front view it is shown as point H. Іп the right-side view it 


is shown as point М. 
LOCATING THE EDGES 


So far we have studied the location of the corners of the block in the three 
views of the drawing. Now let uc, see if we can locate edges of the block in 
the three views, and learn what these edges lock like in the drawing. 


NOTE: When you look directly at the end of an edge, you 
seo the end view of a line, which is a point (.). 
20134 
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When you look саен direction, you 


вее а 14пе ( www omo ка mh аз C сав “ар C із бейей ж? |. 


Refer to Figure 20 and find the edge marked 1-2 on the block. When you look 
down on the block (top view). thie edge appears on the drawing ав & line, B-C. 
When you look at the block from the front (front view) this edge ie shown ав 
the line E-E. But when you look at the block from the right відо, (right-side 


view), this edge 8 not appear ав a line, but as 4 


Sometimes one edge (line) is directly behind. another 


point M. 


cago (lino), and 1f не 


look at the block from tho top, or front, or sido, we 866 only the edges (lines) 


nearest us. But these linea represent not only the edges we can gee, but also 
any edges (lines) that are directly behind them. Thus the line E-H in the 


front view, Figure 20, represents not only the edge 
edge line 4-3. 


LOCATING THE SURFACES 


(lino) 1-2, but also the 


We have seen how the corners and the edges of the block appear in the throe 


views of the drawing. But how are the top, front and side surfaceg of the 
block shown? 14 we look at the top surface from above the block 1% appears 
ав а rectangular area. But if we look from the front or the side, it appears 


Take a piece of paper. 
Figure 21. 


Looking down, we see the whole surface. 


Figure 22. 


Looking directly at the long edge, we вее 
Figure 23. 


Suppose that the block, figure 20, were composed of 


two triangular shaped 


blocks, as shown in figure 24. Let us see what the drawings for sach of 
these two blocks would look like. | 


A 


Figure ۰ 


тов VIEW A 


Rt و‎ SIDE 
VIEW A 
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Figure 25 shows а Three View Drawing of the block marked A, in Figure 24. When 
you compare this drawing with the drawing of the rectangular block, Figure 20, 
you will notice that the front views and the side views are the same in both 
drawings, but the top views are different. Figure 25 shows the triengul&r 
shape of the top of block A. 


Perhaps you may wonder why the diagonal face of the block A, which is longer 
than either of the other two faces, ود‎ not shown in its true length in either 
the front view or the side ۰ This is because we 86e hese surfaces only 
from directly in front or from the side. Figure 96 18 8 diagram showing the 
lines of eight when we look at the front of block A, and their relationship to 
the front view length, or "projected. length," ав 1% is called. 


In Figure 27 18 shown а Three View Drawing of the half of the block marked B. 
You will note that in this drawing the front and the side views are the same ав 
those of the whole block shown in Figure 20. The top view shows how the block 
1в different from that shown in Figure 20, or from the one in Figure 25. 


ТОР VIEW ۰ 


LINES ۷0۷ 
OK бит WHEN МИ ہے‎ 
ЕРИМТ SURFACE 
LENGTH OF FRONT VLEN 
| OR PROJECTED LENGTH О 


RIGHT 6 


VIEW 2 


FRONT VIEW 
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Figure 26. Figure 2T. 


In any Three View Drawing, study all the viows and, imagine how they may be put 
together, if you want to get a real picture of the object. | 


Е Е 


Figure 28. 


Study carefully Figure 28, and you will note that in the right-side view of 
the draving there is one broken line ( ) с-р. 


2 35: = 


— 


This kind of line, called a "hidden line", i18 used in drawings to show edges 
or other outlines which are hidden from view.. In Figure 28 the surface shown 
at X in the Bketch is represented in the top view of the drawing by the area 
EFGE. In the front view this surface is visible, and is represented by the 
80114 line A-B. When we look at the block from the right side, we cannot see 
this surface because it 18 hidden above 1%. Since we need to Bhow that by that 
part of the block vhich extende it is there even though we cannot see 1t, we 
use the broken line (. `} to show its existence and location 


in the right-side view, 


Broken lines are ueed to show -the location of holes which cannot be seen in 
cértain of the views of а drawing. In Figure 29 is shown a gketch and Three 


View Drawing of a. block which has a hole through 15 from top to bottom. This 
hole can be séen readily in the top view, but is hidden when we look at the 
block from the front side. So we use broken lines in each of these views to 
indicate the position of the hole. 


Figure 29. 


TWO VIEW DRAWINGS 


Sometimes it is not necessary to use three views in a drawing to show all the 
48156118. For some symmetrical. objects, two views of the drawing would be ` 
exactly alike. For example, in the drawing of the short shaft in Figure 30 


the. top view is exactly the ваше ав the front view. 


When two views vill give a11 the information needed, only two views -— 1 
The two views we should use in Figure 31 are the front and. right-side view, 
leaving out the top view. 


THIS VIEW 
NOT NEEDED 
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Thie kind of line, са1164 а “hidden line", is used in drawings to show edges. 
or other outlines which are hidden from view.. In Figure 28 the surface shown 
at X in the sketch is represented in the top view of the drawing by the area 


EFGH. In the front view this surface ia visible, and is represented by the 


golià line А-В. When we lock at the block from the right side, we cannot: see 
this surface because 4t ig hidden above it. Since we need to Show that by that 


part of the block which extende it is there even though we cannot see it, ٥ 


uge the broken line 85 | ) to show its existence and location 


Broken Чнай are used to show the 10685108: of holes which cannot be 7 in 
certain of the views. of a drawing: in Figure 29 18 shown a sketch and Three 
View Drawing of a block which has a hole through it from top to bottom. This 
hole can be seen readily in the top view, but is hidden when we look at ‘the 
block from the front side. So we use broken lines in each of these views to 
indicate the position of the hole. 


Figure 29. 


TWO VIEW DRAWINGS 


Sometimes it is not necessary to use three views in a drawing to show all the 
detaiis. For some symmetrical objecta, two views of the drawing would be 
exactly alike. For example, in the drawing of the short shaft in Figure 30 
the top view 18 exactly: the same as the front view. 


When two views will give өлі. the information needed, only two views are shown. 
The two views we should use in Figure 31 are the front and right-side view, 
leaving out the top view. 


THIS VIEW 
NOT NEEDED 


Figure 31. 
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IV. DRAFTING CONVENTIONS 
A. LIKES. 


The only information necessary concerning lines needed to read blueprints 
18 a knowledges of four types of lines used in making a drawing: 


Tho heavy line 18 used for the outline 


__ шо шид 8» The broken line, made up of short dashes, 
used. to show a hidden line, part or edge. 
‚ _ _ ____/. 3. The phantom line 18 made up of a series cf 
one long and two short dashes, alternately. 
This 18 to show adjacent parte on instal- 
lation or different position of parts. 


objecta. 


Many other kinds of lines will be explained in later sections. 


1) Па ID LINE 


& Û «ри | 
“OUTLINE OF PART 


(QVHIGOEN LINE - 


B. DIMENSIONS. 


It is necessary that wó become acquainted with the method of indicating, 

on the drawing, the exact sizes and measurements of the object and the dis- 
tances between certain points on the object. Let us consider а Three View 
Drawing of a block. 


eits 
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FRONT VIEW 


Figure 33. 


The block used is 2" long, 18" wide, and 3/4" in height, depth, or thick- 
ness. These dimensions would be shown as in Figure 33. Notice that in 
the drewings, the dimensions are given without using the word "inch" itself, 
nor ", the usual symbol of inch. Both "tach" and. the symbol are usually 
omitted on aircraft drawings. 


In Figure 34 we have repeated the front view as shown in Figure 33. Тһе. two 
lines shown are known as extension lines. They indicate the distance шеа- 
sured when the dimension Тв placed outside the figure to be measured. 


length of the front view. 


FRONT VIEW 


FRONT VIEW 


К EXTENSION LINES 2ھ اس‎ e 


Figure 34. 


DIMENSION‏ - سے 
LINE‏ 


The drawing in Figure 35 represents a long, slender part. Tue central part 
of the Jever is the same shape and size throughout its length. In order to 
shorten the drawing, most of this central portion has been removed and the 
ends brought close together. The space between the break lines at. point 
A shows. that a portion has been removed. re 


A heavy weight line, consisting of a series of long dashes alternating with 
two short dashes, 18 a cutting p lere line. This line 18 used to show ех- 
actly where a part 18 cut to oxpose the inside oz Cross Seotional View. 
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Figure 35 shows a cutting plane line dravn through the lever. The arrows 


A-A show the direction in which the reader would be looking when reading 
the Section View labeled "Section A-A". 


D - f 2 | | 
SECON А-А 
Figure 32. 


Section А-А 18 a drawing of the right half of the unghaded drawing as we 
look at it in the direction in which the arrows point. The left half bas 
been removed, exposing cut metal. The slant lines running through Seotion 
А-А are illustrations of section lines, or cross hatching. They show where 


the metal has been cut. 


Figure 36. 


The pharitom line, Figure 36, is necessary only when the part drawn i8 & 


moving part and changes in position. The alternate position line duplicates 


thé [outline of that moving part in its various positions. See A in 
Figure 36. 


ё 


In Figure 36 you will see a type of line which has not been used. in previous 


drawings. This liné is made up of long and short dashes ( 


known вв a center line. It is most often used to show the location of cen- 


ters, of round parte or holes; but can also be used to show the center of 


any object or part of en object. 
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ONE VIEW DRAWINGS 


In making up drawings of flat pieces, especially when these are of relatively 
thin sheet metal, it is common practice to use only one. view. ‘The thick- 

nega o? the material is then noted in the Bill of Material. Figure 37 shows 
auch & drawing. This drawing uees only one view to give all the information 


needed about the shape of the part. 


Figure 3T. 


Note that in this drawing there are four holes near the corners of the part. 
Each of these holes is shown with center lines. As we ghall find out leter, 
these center lines are often used in showing distances between holes or 
other dimensions. ۱ 


Now let us consider a more complicated block, Figure 38. -This block hes 


the same general dimensions as the block in Figure 33. The difference 18 
that a portion of the block has been cut away. See Figure 39. 


Figure 38. 


Figure 39. 


Jf ve examine the three views of figure 39 we will see that the length of 
the Block 1s 2" (shown at the bottom of the front view). The width of the 


ے 8ھ ی 


ЗЛ", (shown to the extreme right of the side view). 


The information concerning that portion of the block cut away is shown by 
the dimension 1 which 18 found at the top of the front view and gives the 
diatance from the left edge of the block to the cut line. This cut line 
marks the beginning of that portion of the block which was removed. The 
depth of the cut ie +" and is shown to the right of the side view. 


If the cutaway portion of the block as shown. in Figure 39 is reversed ав 
shown in Figure 40, the problem of dimensioning 18 changed somewhat. 


Figure 80. 


Upon examining the three views of Figure 0, 4% will be noticed in the side 
view that the surface A ie not visible, but its location 18 shown by a 

short dash or broken line. Since it is not considered good practice to di- 
mension "hidden" lines, we have to place the dimension concerning the depth 
of the cut somewhere else on the drawing. For this reason. the dimension i 
has been placed on the upper part of the front view as shown in Figure ho. 


Often the space to be dimensioned is too emall to contain the figure and 
the dimension line. It is then песеввегу to reverse the arrowheads ав 
shown in Figure 41. Тһе dimension figures may be between the extension 
lines or at one side, depending on the space available. Іп dimensioning 
height of the side view in Figure 42, there 18 enough room between the ex- 
tenaion lines’ for a dimension line, its arrows, and th required dimension. 


3 
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Figure 41. 
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If the ваше block ehówn in Figure 40 ів to have a hole drilled through it 
as pictured in Figure 42, it will be necessary to @imension the hole BO 
that ite exact location and 8126 can be determined. | 


In studying the drawings in Figure №2, notice that the top view їв the only 
опа of the three views where you can Bee the outline of the hole. In both 
of the other views the hele 18 in such & position as to be visible or hid- 
den, and must be shown with short dash lines. Ав it 18 uevally less do- 
sirable to dimension from hidden lines, we find it necessary, on thie draw- 
ing, to dimension and locate the hole on the top view. 

Notice that the center linea pase through the center of the hole and. ex- 
tend outsiie the block to be used as extension lines. We are now able to 
determine that the center of the hole 18 3/8" from the left aide or end of 


the block, end 5/8" in from the front face. 


be rounded. Ву. 

cf the right-hand end has been cut away to a rounded surface. It ів impor- 
tant that the exact location and size of this rounded surface be diuen- 
gioned. 


Notice that the rounded edge 18 evident only in the front view. Тһе top 
and side views have not changed 1n appearance from those corresponding 
views in Figure 52. | 


The center of the arc or part of a circle forming the rounded edge 18 in- 
dicated by a 4 . The dimension line showing the radiue (the distance 
from the center to the circle or erc) has one arrowhead. Because the space 
for showing the radiue 18 small, the dimension line 18 extended outside the 


arc and labeled £ R., which means a radius of 1/4". 


The various dimensiona discussed tn the preceding paragraphs are thoBe most 
common to practically every drawing. In order to increase your ability to 
read aircraft drawings, you may need to learn other variationa of these 
dimension types which must be used for special conditione. 
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Dimensions are usually given from visible lines rather than from hidden 
lines. See figure №. | 


` CORRECT INCORRECT 
When it ie necessary that extension or dimeneion lines cross each other, 


you will find that one of the lines will be broken where they intersect. 
See Figures 45 and 46. 


Figure 45 Figure 46. 
In order to avoid crowding about a center line, dimensions are very often 
staggered, as shown in Figure 15. 1% is common practice to dimenaion parte 
from a center line as shown in Figure 45. 
When a part is too long to be shown completely, the drawing ls usually 


"broken," as indicated by the wavy lines in Figure 47. The dimension line 
should be broken when dimensioning a part that is shown broken. 


Figure 47. ИШЕН | : 


-23- 


С 
№ z 
= 


We have noticed that dimensions are placed outside of all views and to the 
right and bottom whenever possible. All dimensions should read horizon- 
tally regardless of direction of dimension line. 


Figure 48. 


Dimensions of diametera are often conveniently shown ша slant line, 
Figure 48. Notice that in this figure, the dimension 18" is placed hori- 
gontally, even though the dimension line 18 slanting. 


Progressive dimensioning should be used on all drawings instead of chain 
dimensioning. When chain dimensions are needed, they can be obtained by 
subtraction. 


PREFERRED 
Figure 49. 
Notice that there ів a space left which 18 not dimensioned in several of 
the preceding drawings. When making parts, you are allowed a limited var- 


iation or error, but you should make your measurements on the object Dde- 
tween pointe which are dimensioned on the drawing. 


Consecutive dimensioning should be allowed only when a dimension must be 
held within a limited tolerance to fit adjacent parte. 


Figure 50. |. > 8 
= ——— was Ы 
Progressive dimensioning, often used on machine parts and small drawings, 
always starts from a common base line or extension line . shown ав "А" 
in Figure 50. In progressive dimensioning, it is common practice to, use 

& separate dimension line for each dimension. 


Dimensions of parts that can be measured or that can be produced with euf- 
ficient accuracy by using an ordinary scale should be written in whole 
- 24 - i 


£ ` 


мэ е 


numbers and common fractions. Up to this point in our discussion of dt- 
mensions, we have used only whole numbers and fractions auch as three and 
one-quarter inches, written on the drawing ав 3È. 


The fractional divisions of an inch are found by dividing the inch into 


équal parts. The fractions used in aircraft drawings are: halves, quarters, 


eighths, sixteenthe, thirty-aeconds aud sixty-fourths. 


When smaller units of measurement are required for greater accuracy, the 
decimal system 18 used in which the inch 18 divided into tenths, hundredtha, 
taousandthe, and ‘tén-thousandths. One-half 18 expressed as .5 (five 
tenths), Ё as .25 (twenty-five hundredths), 1/8 ae .125 (one hundred twenty- 
five thonsandths). | 


Sometimes a dimension that could be read as a tenth or а hunfredth will have 
one or two zeros added so that 1% will read ав a thousandth. For example, 
‚5 (five tenths). might be written ав .500 (five hundred thousandthe). The 
value of the two docimels is exactly the seme: .5 = 5/10 а 3 and .500 s 
500/1000 a 5/10 а $. 


Although a table top might vary by one-sixteenth of an inch, euch inaccur- 
acy in most aircraft work would not pass inspection. The amount of varia- 
vion permitted ia indicated on the drawing. 


The variation may be expressed as tolerances, or in the form of limits. 
For example, in the following dimension the permitted variation is given in 
с | PERMITTED ۷۶۵۸ LE 

АА O‏ ھی 


Хо PERMITEN UNDERSIZE 
VARIATION , 
QR - TOLERANCE 


Figure 51. 


The -Б.003" after the specified size means that the object ів allowed to — 
measure up to .003" (three thousandths of an inch) over specified size, or 
oversize. Henco, the greatest acooptable length is 1.975" +.003", or 
1.978" ۰ 


The -.002 after the dimension tells ug that the piece is acceptable if it 
18 as much as .002"(two thousandths of en inch) undereize, or shorter than. 
the specified size. In other words, the shortest length that is acceptable 
ів 1.975" minus .002", or 1.973" long. 


Acceptable variations are often expressed in the form of limits. The same 
verietion expressed as tolerances in the previous example appears ав fol- 
lows when expressed in the form of limits: 

j UPPER ۲ 


۱ ۱978۲ | 


X LOWER ۲ 


Figure 52. 
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1.918" is the upper limit of acceptable variation. 


1.973" is the lower limit of acceptable variation. 


Some plants uae the system of placing the upper limit above the line for 


outride measurements, as in Figure 52, and of putting the Jower limit above 
the line for holes ‘and 108149 measurements, as in Figure 53. 


Tolerances also apply to the use of fractions іп measurementa. This toler- 

ance or limit is shown by a note on the drawing, explaining for that par- 

ticular drawing the fractional part of an inch allowed for tolerance. For 

example, the note might read: Tolerance f + 1/64", meaning that a. dimension 

dant vary 1/64" more or lesa . the Adniehsion given and still be accep- 
ble. | 


pei m 
Figure 53. 
In general, angles are dimensionod with an arc or part of а circle used ав 
the dfménsion. line. Small angles, such as a fifteen degree angle (15°) 
would probably be dimensioned ан in Figure 54. Notice that the number 15 


is placed. horizontally and that the arrows, dimension line and number аге 
outside the angle. 


| ز‎ ہ٦‎ | 4 А " 


Figure 54 Е 


Angles arê not always measured in even degrees. Sometimes you will notice 
angles measured in degrees plus parts of а degree (minutes). бөө Figure 
>. А degree 18 divided into sixty equal parts, each one called a minute, 

аха the minute 18 designated by the mark (7 је For example, 16012! would 
te read as 46 degrees and 12 minutes, and would appear on a караштан as 
shown 1n Figure 5h. 


Small circles are often measured by а dimension line and its arrowheads 
placed outaide the limits of the circle and with the dimension figure also 
outside the line of the circio, ав in Figure 55. 


3. 
Б ۸ 


If a part of a cirole or arc is to be dimensioned, the size will usually te 
indicated by the use of a radius dimension (a line drawn fron the center 
point to the oircle or arc). ‘The dimension figüre is usually followed. by 
the letter R., the abbreviation for radius. See Figure 56. 


E^ 


If the length of the radius will permit, the arrowhead, abbreviation and 
üimension will be shown as in Figure 56. 


In smaller arcs or parte of circles, the dimension and abbreviation may be 
outside of the arc. In some cases the arrowhead may also be. outside. See 


Figure 57. 
FOR БАН не қайы 
2 3 Gi ДЭГ” 
Figure 57. 


Many cases are found where a dimension indicating a size of a round part is 
in Buch a location on the drawing that Its meaning is not clear. These dt- 
mensions are usually followed Бу the abbreviation D, or DIA. (diameter) in 
order to indicate that the dimension so labeled is & diameter. See Figure 


LEFT SIDE VIEW FRONI WEN 
Figure 58. 


In Figure 58 you will notice in the LEFT-SIDE VIEW that the two-inoh di- 
mension refers to the same extension lines that go to the large circle in 
the front view. The diameter, or distance across the large circle, ів 
seen to be two inches. 


On some drawings, the parts of circles or aros are so large that their 


centers dannot be shown on the drawing iteolf. Figure 59 is а drawing re-. 


presenting a sheet of paper. On thie paper ia drawn an arc whose radius 
و1‎ 25". In drawing this arc, it was necessary to locate the center off 
the paper. The part of the radius line shown on the paper is "broken" 

to indicate that the center, or its starting point, is not shown on the 
drawing. 
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LENTER 


SHEET OF- 
PAPER 


PART ВЕ RAG (115 


LINE МОТ ом А 


ARC (25 RADIUS) 


Figure 59. 


SYMBOLS AND ABBREVIATIONS. 


A symbol is a conventional sign such as а character, Танан or abbreviation 
used instead of a word or words, to represent operations, quantities, qual- 
ities, relations, or position. 


Symbole. and abbreviations are used in place of long explanatory notea оп 
drawings. We find that a few of these symbole and abbreviations are common 
to every trade and that. special trades have special symbols and &bbrevia- 


One of the frequently used symbols, Ф., stande for center line. Although 
the symbol. ча is not necossary when the correct type ОГ center line 18 
drawn, occasionally we вее the line and symbol used together ав in Figure 
60. | 


sym 
Figure 60. 
The abbreviation SYM,, coming from the word symmetrical, ів сортоп1у used 
to indicate that а part is exactly tho same on eithor side of the center 


lines. Figure 60 18 symmetrical about the center line ав ind. -ated by the 
abbreviation SYM. placed under the symbol ge 


It is permissible at this Division to show a broken part as illustrated for 
metal, regardless of material or cross section. 


Figure 61. 


A few of the more common symbols to be found on drawings are listed below? . 


Equal ів written as -  — Center + 
Foot Н Degree o 
Inch Ше S Minute 
Angle У Second. : 


CVAC drawings do not show different materials by symbole on cross sections, 
because the Bill of Material gives that information. See Section V on 
Sectional Views. for more details. 8 
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EXTERNAL THREADS 


SECTION VIEW FULL VIEW 


REGULAR 
YY... 
772 -€5 пива а 
SECTIQN. VIEW | FULL VIEW 


SECTION ۷ 
REGÜLAR 


SECTION VIEW . FULL VIEW 
PREFERRED 
Figure 62.. 
The drawings of many ‘complicated parts are greatly simplified by the use of 
symbols. А good example of simplification is found in the details of 
thread drawings. 22 бе shows some لہس ہی موا‎ beth ра апа 


thoes dn detail. 


Some of the related trades, such as the electrical, welding, sheet metal 


and woodworking trades have their special’ вушро18 and abbreviations. Рог 
instance, in making an installation, or repairing a unit. such as an elec- 
trically-operated instrument or radio, it 18 often necessary to refer to 8 
diagram of the electrical circuit. In these diagreme, symbols represent 
the varioue parts used in the circuits. See Figure 63 for examples of 
these па: 


DRY CELL BATTERY OF CELLS RESISTOR SWITCH 
Figure 63. 


The aircraft sheet metal trade uses the symbol + for holes. Ite purpose 
18 to locate. the exact center for drilling. Figure 64 shows how these 
symbols might appear on a drawing. 


а; 29 =. 


дэ ہی‎ а 


Figure 6h. 


The- welding trade has numerous symbols and abbreviations, some of them 
quite complicated. .Two of the very common symbols are ////////// and xxxxx. 


Either one can be used to indicate a welded joint. Figure 65 shows how 


these symbols might be used. 


Figure 65. 
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Some additional symbols used at CVAC are listed below: 


5 Countersink Near Side су Rough Grind or File 


Er Countersink Both Sides (4) Change Letter 
i|. Countersink Far Side 6-3 Zoning Reference 
f' Smooth Machine Finish (8) Change Letter 
“л Tooling Hole 
1. Standard Rivet Symbols 
RIVET. SYMBOLS 
(Indicate Size at Intervals) 

P RE ہل‎ | T NOE 

Ф 3/32 Яко 3/16 +р- 5/16 

A 1/8 -ф-ал 


2. Explosive Rivet. Symbols. 


t 


Q) ` ‘Indicate by adding square to standard rivet symbols. 


Example: ұл 1/8 Ев 5/32 BK 


3. 1T STA Rivet Symbols 


3/16 


Indicate by adding half-circle to standard rivet symbols. 
Example: de 1/8 — Wr 3/16 «бу 1/% 
~ ~ * 2 
k. Hi-Shear Rivet Symbols 


Indicate by adding letter "S" and grip length to standard symbols. 
Grip length indicated in l6the of an inch. 


6 So _ de. 
Exemple: ДА 5/32 = 4 3/16 > 1/% 


‘Symbol 4- 
When symbols are used, the drawing must carry an explanation of the symbol. 


2۰ 
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aeronautical 
aileron 


approximate (ly) 
assembly 
` auxiliary 


Bill of Material 
bracket 
bulkhead 
carburetor 


casting 


center line. 
center to center 
commercial 
countersink (sunk) 


diagonal 


diameter 

dimension 

drawing (в) 

electric (al) 
elevator 

emergency 

enclosure 

engine 

equipment 

forward | | 
furnishing (6e5,ed,ings) 
fuselage 

governmnt 

head ET 
horizon(tal) 
hydraulic 

inboard 

install (ation) 
instrument 

Junction 

landing gear 
leading edge 
left-hand 

longeron 

longitude | 
manufacture(r) 
material 

maximum 
mechaniem(ical) (ic) 
minimum, minute . | 
niscellansous 
mounting 


MISC 
MTG 
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Abbreviations are very often used on ali types of aircraft drawings. Fol- 
lowing are some of the most commonly used. 


nacelle NAC 
number(s) (do not use хо,(8) 
number required NO, REQ 
opposite OPP 
outboard OUTBD 
oxygen ОХҮ 
perpendicular PERP 
pound(s)(do not use symbol) LB 
propeller РЕСР, 
pyrotechnics PYRO 
quantity QTY 
radius RAD or R 
receptacle RECPT 
refer (ence)(s) REF 
reinforce (d,ing,ment) REINF 
relief REL 
removable REMOV 
require (d, ment) REQ. 
right-hand RE 
reund RD 
rudder RUD 
section SECT. 
selector SEL 
sheet SET 
special SPL 
specification SPEC, 
stabilizer STAB. 
standerd STD 
atation(ary) STA 
atiffener STIF 
atruc ture (al) STRUCT 
supercharge (а ,г) SUPCHG 
support (ing) SUP 
вигРасе SURF, 
symmetrical SYM 
aystem SYS 
theoretical THEOR 
threaded (ed, ing) THD 
tolerance TOL 
trailing edge TE 
turret | TUR 
velocity VEL 
vertical . VERT 
waterline WL 
zee Z 


For additional abbreviations consult ANA Bulletin No. 261 available in 
the Engineering Library. 


ZONING OF DRAWINGS. 
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Figure 66. 
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SIZES OF DRAWING SHEETS, . | Я А 


jx. تس‎ VELLUM DRAWING/SIZES | 
Size A B E G 2 K 
Width 8.5 n 22 3 36 
Length 11 17 34 ko + 


"(Minimum length #87 Maximum length 120 


2. Drawing Sizes From Metal Drawings. 


Phototracinge are made to š в scale of all metal drawings. ‘These photo- 


except that two additional аав are ‘sed. “These are: КОН x зы) 


and "R" (various 81208, all larger than 22 x 34). 


| NOTES. 


Notes, as well ав dimensions, make clear the meaning of an aircraft drawing. 


Some items of information, which cannot be given conveniently in-the di- 
шөпвіопв of drawings, are put into notes. These noten give us such in- 
formation as the kinds of material to be used, the type of finish desired, 
and many other useful detaila. In general, notes give information and ins 
structions that. cannot be illustrated on the drawing. Notes, as a rule, 


Бағы not repeat information that is easy to find elsewhere on the drawing. 


In this section. are some typical examples of notes on aircraft drawinga. 
There are others, of course, which are so abbreviated and so technical that 
understanding. them requires special knowledge and training in certain tech- 
nical fields, One genérally accepted. type of note is used in Figure 67. 
The note tells the size of the holes, the number of holes required and the 
Spacing of the holes. The note then tells us that there are "10" holes. 

We find out about the spacing of the centers of the holes by the note 
"EQUALLY SPACED" which saves the placing of nine separate dimensions on the 
drawing. 


134 
таа ОА 10 HOLES . 
EQUALLY 0 


Figure 67. 


As these illustrations show, the work T be done on a small part 16 diffi- 
cult to dimension clearly. Often the explanation of tha work to be done 
can be clearly explained by a simple note. 


The following illustration, Figure 68, shows a chamfer or beveled edge to 


be machined on 088 eng 7 а IM metal rod. 
s is s t 
v2 


Figure 68. 
~ 34 - 
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The note on the drawing at the left іб the usual way of describing the 
surface designated by the arrowhead. This surface ів to be chamfered 
(beveled). The length of the chamfer is to be 1/16, and the angle that the 
ا‎ = surface makes with a horizontal line, or with the surface of the 
rod, 18 45°, 1 


The enlarged view on the right shows the dimensions that would be necessary 
if the note were not there. 


Frequently, drawings are made to illustrate the assembly or disassembly of 


perte. Figure 69 i8 à sketch drawing giving instructions for takingepart 


воше particular unit of an airplane. You will notice two notes at the top 
of. tha figure telling which nuts and bolts to remove. Anothor 

note quite common on drawings, gives the direction from which the part 
18 viewed. The same note also describes this as the left-hand (L. H.) 
side and explains that the right-hand (R.H.) side is the opposite of this 
drawing. 


| | 


Y MOVE NUT AMD BOLT 
FOURTH РИШ! ent Tort 


VIEW FROM AGT VE 
| AKO FREM THE ен! 
tr. SHE UN 

“CUETO YE | VEL TE 
22 نے الہ ا‎ 


ГА STIFFENER 


تا 
Figure 69.‏ 


Figure 70 is a photograph of the tail of an eirplane. Small letters are 
used as reference keya on the photograph to keep it from being cluttered 
up with the namés of parts. Іп the lower right-hand corner of the picture, 
the actual name of each part ie listed after each key letter. 


А- FIN 
5-0 8 
€ - TRIM TAG 


O-CUNMERS EMPLALEPENT 
Е-Е ЕУАТСЕЯ 
F-STARILTZER 

ПЕНЕВ SHOE‏ - با 

M- DOR JAl. FIN 


Figure 70. - 
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_ "EXAMPLES OF SECTIONAL DRAWINGS ^ | 
SHOWING THE USE OF NOTES-AND LETTERING | 


| К ЇАС998-с40 |LOCKWIRE 
| L [acu |WASHER 
| м lac 503-8-6 ۷ 


ро ۱ 


5303-ВА [WASHER 


INI 
| o! 
| p leons یو‎ 
га | 
в | 
ЕЗ 


A-9616 [PLUG ` 


K^ 


Figure 71 Prestone Radiator F]ap Control Valve. 
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USE OF NOTES ON SECTIONAL DRAWINGS 


Frequently drawings are made to give general information concerning a part 
or device.. It might be advantageous to show the inner construction and 
action of novabie parts by means of a sectional drawing. Іп section draw- 
ings, some of the object has been removed or cut away, and we are able to 
see the interior of the piece or assembly. On such a drawing, the use of 
notes or lettering of the various parts simplifies the reading of the 
drawing. 


In Figure 71 you will see such a section, w with notes describing the рові- 
tion of important parte, euch ав "SHUTTER CLOSED" and "SHUTTER OPEN." Near 
one of the openings you will notice the word "RETURN," signifying that at 
this point the fluid re-enters the device. 


Off to the right of the drawing аге a serios of numbers within circles, 
each pointing Юу means of an arrow to 8 specific part. 


In the upper left-hand corner of the drawing are two types of notes. One 

18 a "Reference Note." Notes of this type are frequently used to tell you 
where to obtain more detailed information regarding the same device, or any 
of its parta. 


The other note is a "Test. Note" describing in deta!l how to test the đe- 
vice for leakage. The pressure at which the part. will normally be required 
to function is given in item No. 3 ав "1000 P. S. I." (pounds per square 
inch). 


LIMITING OF PARTS ON DRAWINGS. 
Frequently changed are made to assemblies which do not affect their inter- 


bers. When such changes add and/or delete parte, these parte must be 
coded as to their effective prints. 


The methoà most commonly used to code or identify these parts is to use 
code symbols (flags) in conjunction with notes as shown in Figure 72. 
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B> FOR АСА502-214 


Figure 72, 
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V. SECTIONAL DRAWINGS 


Sectional drawings make it possible to look inside a part. 


Figure 73 is a drawing of an elbow fitting used in the construction of an atr- 


‘plane. This drawing shows the shape of the part but very little about its 


construction. If we wished to Xnow more in detail just how this elbow 18 con- 
atructed, we would need a &rawing similar to Figure 74. 


Figure 74 shows the part with half of it cut away. The cutting plane line 
shown in the top view determines the exact place where the section 18 to be 
made. The arrow&/ show in which direction you should look at the exposed 8ec- 
tion. ; 


Figure 13. 


In the Section A-A (lower view in 
Figure Th) you will notice that the 
shape and size of the opening running 
through the elbow is visible. 


The Section А-А also shows clearly 
the thickness of the metal at various 
parts of the elbow. Wherever metal 
has been cut by the cutting plene 
line, wo indicate the motal by the 
use of light section lines drawn 
close together.  Whorever there is а 
hole or no material, the lines are 
omitted. | 


SE CT ION A-A 


Figure 74. 
EE 


— 
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A Sectional Drawing shows а part ав if it were cut in two. Actually, the 
draftsman imagines what the cross section would look like. But you will find 
the cross section easier to read if you eee clearly what happens in his imagi- 
nation. 


Figure 75 is a eketoh of the métal part that must be sectioned. 


Figure 75. 


Imagine that the metal part 18 cut in two with a hack sow, as in Figure 76. 


= 


Figure 77 shows the part after it has been sawed with the nearest half removed. 
The sectional view will show the remaining part as we look at the cut surface. 


Figure ۰ 


Wherever material 18 "cut," the cutting plene line must be located as shown by 
the line A-A in the full view of Figure 78. A 


Figure 78. 
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VI. TITLE BLOCK AND BILL OF MATERIAL 


A. TITLE BLOCK. (See preceding page, Figure 82). 


1. 


Drawing Numbers. 


Fach drawing made will ke assigned a drawing number which ip to be used 


for 
the 


8. 


А 


овом 


"Airplane Model No. 


that drawing only. ‘These numbers are assigned in accordance with 
following: 


Model Designations. 

Each proposed airplane 18 assigned а CVAC model number. These 
numbers are assigned in consecutive numerical order regardless of 
the type of airplane or the year of its release. 

Draving Number Record Books. 


All drawing numbers, except Btandard.drawing numbers, are assigned 
from the following bocks: 


(1). "FX" Book - Drawings which are not limited in application to 


& ЕресіҒіс model, either built or proposed. Exemple: Drawings 


representing design studies, test equipment, semi-standards, 
etc. | 


(2). Proposal Book - Drawings which represent, the preliminary de- 
Sign of a future airplane model. 

(3). Master Parte Book - When a contract has been received for one 
or more airplanes of a specific model, a Мавђег Parts Book 18 
prepared and all existing drawings representing that particu- 
lar model are recorded therein. Then, as new drawings are 
prepared, their numbers are assigned from this book. 


Production Drawing Numbers. 

Drawings which have been assigned numbers taken from the Master 
Parts Book of the model to which the drawing applies. The оошров1- 
tion of production drawing numbers is explained by the following: 


000 


1 


Over of entry in the section of the Master Parte Book re- 
jeorved for that particular group of airplane equipment Í 
indicated by the preceding letters. 


مھ مت سوت ماد 


а سم‎ 


фэн «өз. v... rara al m "өзе е 


A letter designating the group of airplane equipment to which the draw 
ing belongs. ‘his letter 18 chosen in &ccordence with the following: 

- Armament | He Beaching Gear V - General Design,Hyáraulic| 
- Hull ani Fuselage J - Standard Toole М - Wings | Ж 


- Controla-Flight Т, - Landing Gear 7 - General drawings, in- 
- Cowling | Ó = 041 System cluding three views 

- Electrical |. E - Fower Plant general arrangement, 
- Fixed Equipment р - Layout-Proposel mocking and rigging 
- Fuel Systen T - Tail Surfaces diagrams. йн 

U - Useful Loads 
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(СТАС) to which the drawing i8 applicable. | 
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36-002 
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Exemple; 36F265 would be read as follows: 
36 Е 265 


The 265th drawing listed in F Section 
of the Model 36 Master Parts Book | 


Fixed Equipment of the Airplane 
[Model 36 


d. Location of Drawing Numbers.. 


Block on all single sheet 
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SCALE RECPLALCU BY 


56A4000 - 


St 
Figure ۰ 
On multi-sheet drawings, the drawing number and the sheet. number 


will appear together in the Drawing Number Block of each sheet, a8 
shown below: . 
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Heat Treatment. 


The proper heat treatment and heat treatment specification for steel 
parts ere noted in the generel notes on ell drawings. If the detail 
dash numbers of an aasembly differ in heat treatment, the desired heat 
treatment is placed under each dash number on the fece of the drawing, 
or in the general notes. Heat treatment. 18 noted in the following 
manner: "И.Т. 90,000 - 125,000 per AN-QQ-H-201.” 


Finish. 


The finish specification number of the particular model or models in- 
yolved will be noted in place provided in the Title Block. This com- 
pany specification outlines in detail the methods of finishing both 
detaile and assemblies and lists the applicable detail government 
specifications. | 
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Left and Right Hand Parte. 


Many parts found in airplane structures are manufactured in both left 
and right hand forms. However, thie does not necessarily mean that one 
_agsembles on the left hand side of the airplane, and the other on the 
right hand side. When the expression "left and right hend" is used 
with reference to detail assemblies, or installation, the meaning is 
that one of the two is the mirror reflection (exact reverse of the 
other). Both left and right hand parte may be used on 


the notation that the right hand part is opposite. 
جم‎ бя и 1 
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Figure 85. 


Size of Drawings. 


In order to facilitate the handling of prints, the drawing size will be 
located in the position indicated below in the Title Bl 
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REFLAGED 
REPLACED BY 


Figure 86. 


Tolerance. 


Tolerance i8 the greatest permissible variation or differe 
size of a part. It is the difference between the plus lim 
minus limit. On prints it is indicated under the heading 
in the Title Block, according to the type of dimensi 
the drawing. Fractional dimensions have fractional toleranc 
dimensions have decimal tolerances; and angular dimeneiona h 


tolerances. See Figure 87. 
-h.n 


| | the same side 
of the airplane. Drawings usually show only the left hand part with 
See examples. 
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BILL OF MATERIAL. 


All parts called for on the drawing must be listed in the Bill of Material 
of the drawing. When the drawing consists of more than one sheet, the Bill 
of Material will appear on the first sheet of the series. 


1. Part Number Column. 
a. Listing of Parte. 


All parts called far on assembly drawings ere usually listed in 
the Bill of Material in the following order: 


. Dash numbers of sub-assemblies. 
2). Dash numbers of parte detailed on the drawing. 
3). Parts numbers of separately detailed ۰ 

. Standard part numbers (AN, AC, or NAF, NAS, Q in the order 
named). 

CVAG purchased part numbers. 

Number and designation of parte furnished by customer, in- 
atalled by CVAC. 
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A part sequence aimilar to that used on assembly drawings will be 
used on installation drawings. 


b. Dash Numbered Parts. 


Тһе details of dash numbered parte on drawings must include all in- 
formation needed to produce the parts. Parta which are not to be 


detailed on assembly drawings are shown under detail drawings. See 
Figure 88. 


ASSIGNING DASH NUMBERS 


Each single part which is detailed on an assembly, installation or 
tabular drawing shall be assigned а dash number and bear the draw- 
ing number of the drawing on which it appears. Example: 


(1)  36v183-8 
(2)  36v183-1h 
(3)  36v201-8 


In the above example (1) and (2) represent two parts,"-8" and "-14", 
which are detailed on drawing 36V183, while (3) represente "-8" on 
draving 36\201. | 


The parts detailed on assembly, installation, and tabular drawings 


shall be assigned dash numbers beginning with -6 and continuing іп 
consecutive numerical order. 
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INDICATING DASH NUMBERED PARTS 


each of the dash numbers 
be placed in а circle. The encircled 
to the part 1t iüentíifies, and a line with 


Figure 89. 


Dash numbered parts with opposite hand (Part used on opposite hand assembly). 
| š (8) LH. CHANNEL ЗАМ. 
| (в) вн OPP 


When opposite hand parts are woth shown on the face of the. drawing. 


Figure 91. 


In order to clarify a drawing 4t is frequently necessary to indi- 
cate a dash numbered part in more than one drawing view. In such 
cases the encircled number: shall be used to indicate the part in 
one view, and in all other views the number will be referenced as 
shown in Figure 92. ۱ | 

-14 (REF) 
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Figure 92. 
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Figure 93 is the method of indicating parts called out on assembly 


but detail 


Figure 93. 
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PARTS MADE FRM THE SAME BLANK 


Parts which have different hole patterns but are otherwise identi- 
cal, and may be made from the same blank, will each be авв18 64 a 
different: dash, number. Each of the parts are properly identified 
оп the drawing and aach 18 listed in the Bill of Material. The 
spaces in the Stock, Material, and Special Columns of the Bill of 
Material will be filled in for only one ef the parte. A note will 
appear in these columns opposite each of the remaining parte stat- 


ing that they may bo made from the firgt part blank. See Figure 9%, 
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Figure 94. 
SUB-ASSEMBLY DASH NUMBERS 


When two or more parte specified on an assembly are so related that 


they will be assembled together and stocked ав а seperate unit, this 


unit will be designated ав a sub-assembly. 
STANDARD PARTS 


Standard Parte (AN, АС, NAF, Q, Y, К,) will be specified on draw- 
ings by the number listed in the Standard Parte Book. 


If а standard part 18 altered in any manner whatsoever, it will not 
be specified by a standard part number. Іп this case, а separate 
detail drawing will be made and this drawing will be assigned a 
drawing number. | 


CCMMERCIAL (PURCHASED) PARTS AND 
MATERIALS CVAC NUMBERING SYSTEM 


СТАС stock numbers are assigned to all commercial parts and many 


non-metallic raw matoriala used. in Consolidated airplanes. The 
number system ia explained ав follows: 


lnumber assigned by CVAC to the par- 
ticular part or class of raw material 
in. question. 


| 
| 


| соде designation, assigned by CVAC, indicating 
names. of Part of Material (in this case NU 
indicates "Nut" (Non-standard ) ۰ 
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L Identifies tho part or material ан Commercial. 


CVAC stock numbers will not be assigned to AN, АС, NAF, VAS, Q, or 
any other standard parte. | 


Parte assigned CVAC stock numbers are identified on drawings by: 


(1) CVAC stock number. 

2 "Comm. Part". 

3) Manufacturer's part number. 

(5) Manufacturer's name and address. 


Commercial Eouipment 
Part No. 65-1826 
Western Electric Company 
Los Angeles, California 


COMMERCIAL RAW MATERIAL 


Parte made from Commercial, Raw Materials which have boon assigned. 


СУАС stock numbere will be shom in the Bill of Material as follows: 


-6 Insulation CVAC-RU-850 Spec. U-8 or equivalent 


.050 Neoprene Sheet 
Method of indicating Government Furnished Equipment. 


Parts furnished by the government and installed by СУАС will be in- 
dicated on the drawing and in the Bill of Material by part number 
and an asterisk. (+). The general notes must carry the following 
information: "#Denotes GFE". 


Stock Column. 


The Stock Column will contain the грргох ае dimensions of the material 
needed to make the part detailed on the drawing, giving the dimensions 
to the nearest 5 on or over the exact size. See Figure 95 for sample 


stock | column. | ! 
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3. Material Column. 


€^ 


The name of the material used in taking the dash numbered part detailed 
on the drawing will’ be listed in this column. See Figure 96. 


Figure 96. 


Specification Column. 


Federal, Army, Navy, or Commercial specifi 
order listed. See Figure 97. 
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Figure 9T. 


Requirements Per Assembly Column. 


Space is provided in the Requirements Per Assembly Column for listing 
the number (quantity) of parta required to шаке the assembly or instal- 
lation in question. See Figure 98. 
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Assembly Bash Number. 


The five assembly dash numbers used to designate variations іп an ав» 
sembly are -0, -2, -3, -h, -5. The firat assembly is designated as -0. 
assembly, and is released for use on а certain model, or models. 
! 

If, for any reason, it is decided to alter the авветЪ1у so that its 
interchangeability is affected, the new version of the assembly will be 
designated as -2 assembly. Other variations will be designated in 

= 51 - 
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order, as -3, -4, and -5 assemblies. When an alteration does not affect 
interchangeability, a new assembly number will not be assigned. 


48 7. Requirements Per Airplane Column. 
: 2 on | 
Tho requirements for the various models/Which the part is used shall 
be placed in the Requirements Per Airplane Block. The number required 


is the number of parte necessary to complete an airplane. See Figure 
99. 
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Tigure 99. 
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VII. DRAWING CHANGES. 


y^. Once a drawing has been released, it 18 not changed without keeping в record of 
de that change. 


A. CHANGE CLASSIFICATION, 
Each change is given one of the following classifications: 


1. "8" . Safety - change essential to the atructural or operational safety 
of the airplane. 

o. "MN" - Military Necessity - changes required by the government: changes 

instigated by the customer ог contractor to insure compliance with 

specification or design requirementa;. changes necessary to eliminate 

service troubles. | 


3. "PI" - Production Improvement. 
à. "мо" - Miscellaneous Changes - design corrections and 4mprovements, Е.О. 
` and D. C. R. incorporations, corrections of drafting errors. 


Баса change must note whether the interchangeability of the part has been 
affected. For two parta to be interchangeable they must fulfill three re- 
quirements; namely, structural, physical and functional interchangeability. 
This information 18 checked in the applicable blocks on the change forms. 


1. "IU" - Interchangeability Unaffected. 
о, "IA" - Interchangeability Affected. 


Drawing changes can be made by three methods: 


1. E. 0, - Engineering Order. See Figure 100. 
2. D. C. R. - Drawing Change Request. See Figure 101. 
3 D.C. N. - Drawing Change Notice. See Figure 102. 


‚р. DRAWING CHANGE REQUEST. . 


The D. C. В. is a method of making minor drafting corrections which usually 
do not have any effect on the production shop. Ite distribution is limited 
to Engineering, Material ani. Tooling. If а D. C. R. does affect the shop, 
it must ^e incorporated on the àrawing prior to the time thet work ів 
started in the factory on the pert affected. The D. C. R. form itself ín 
identical to the E. О. form and carries the same information. For further 
information refer to Figure 101. 


E. ENGINEERING ORDERS. 


E. 0.'s are written only on drawings er Master Design Layouts which have 


boen released and only t^ effect emergency changes in order. to prevent holá- 


Жж up of work in the shop. Е. 9.18 are attached to the actual blueprints in 
5 611 departments and become ar. integral part of the drawings. 


mly Engineering personrel tre authorized to prepare, approve, and issue 
Engineering Orders: я 
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Engineering Oriere may Бе. iagued. to cover Changes оп ав many вв three дтат- 
ings when the same change is applicable to all three drawings. 


The Engineering Order requires the same signatures 88 8 released drawing. 
The E. 0. now becomes part of the drawing and the instructione on the ۰ 
must be sarried out because E. С. instructions are Just as important 88 
the interpretation of the rest of the blueprint. 


The purpose of the E. б, 18 to get the required information to the shop 
without having to walt until the change hes been made on the drawing and 
released through the regular channels. 


A change letter is assigned to each Engineering Order changed. The des- 
cription of the change and the reason for it are contained in the E. 0, | 
The original Е. 0. їв then replaced оп all drawings with the revised E.O. 
Cancellation of E. 0.18 may be made by the same method. 


Parts added and/or deleted are listed on the bottom of the Е..0. in the 
spaces provided. Disposition of stock ia given for all parts deleted. For 
additional information see Figure 100. 


CHANGES MADE DIRECTLY ON DRAWINGS. 


When a change is to be made directly on a drawing, it ie first made on the 
picture and Bill of Material. Then the Alteration Plock and Drawing Change 
Notice are filled out with the additional information necessary to make the 
change. An identifying letter. 18 assigned to each change. The first al- 
teration 18 identified as "А" change. Bach succeeding time the drawing 18 
changed the identifying letters shall be "p" "C", "D", etc., until the 
alphabet ia covered, then "АА", "АВ", "АС", eto., are used. The lettera 
"I", "0", and "X" are never used. 


When а drawing consists of two or more sheets, all change letters are ав- 
signed consecutively, beginning with the letter "А", regardless of which 
sheet they affect. The description of all alterations is noted on Sheet 
No. One, and in no case does a subsequent sheet carry any alteration notes. 
Only the latest change letter and Bub-numeral applicable to а subsequent 
sheet ів recorded on that sheet. If the entire change affects only в sub- 
sequent sheet, Sheet No. One must carry the change letter with the follov- 
ing notation in addition to the description of the alteration, "Changes 
made on Sheet No. Only". | 


When several alterations аге simultaneously covered under a change letter, 
each alteration is covered by eub-numerals of the change letter. For ex- 
ample: Ау, Ао, Аз, etc, | 

Once a letter is used, 1% can never be used again on the eame drawing, nor 
is a changed drawing released with more than one change letter effective 
simultaneously. 


Change letters shall be placed inside a circle (53) and located in the 
immediate vicinity of the alteration. => | 


ALTERATION BLOCK. 
All alterations are recorded in the Alteration Block of the drawing, ав 
outlined in Figure 103. 
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| | oZ SN Drafteman' в signature. 

3\ Brief description of change and Ди i 

Е. 0. or B.C.R.number if applicableZ—\.pate of change. 
Figure 103. 


H. DRAWING CHANGE NOTICE. 


The D. С. N. 18 a detailed explanation of the change giving information in 
addition to that shown on the drawing itself. Refer to Figure 102. 


It is our policy to maintain complete records of changes on the face of the 
drawing, as well as In the Sill of Material, for any part that may be cón- 
eidered as a serviceable ttem in the maintenance ‘of the airplane in the 
fiela. However, changés to these parts, which do not affect the inter- 
changoability of the parts, require that only the latest view of the parts 
be maintained on the face of the drawing, but complete records must be. main- 
tained in the Bill of Material. The following types of parts fall within 
thia category: 


3. Other perts, which.may require service maintenance. 


15 is our policy not to maintain records on the fece of the drawing of 
changes to parta, which do not fall within the category of those parts de- 
fined above, and providing that the latent change can be used оп 811. 
previous applicable airplan әз with little or nor Yework to adjacent parts. 
Tnsteai, only the latest view shall be sh own on the face of the drawing, ` 


vut complete records must be maintained. in the Bill of Material. 


For the method of limiting and coding parts on drawings refer to Page 36 
and Figure 72. In order that records of parts removed from the face of the 
drawings can be obtained if needed, & complete. set of vandykes for each 
change letter releaséd 18 currently being maintained in the Engineering . 
vault. -51- 
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VIII. AIRCRAFT REFERENCE LINES м 


Buttock lines, water lines, and station lines are the means used to locate 
points in large areas of an airplane. These lines are measured in inches 


A. BUTTOCK’ LINES. 


Buttock lines are lines passing through the airplane parallel to the verti- 
cal center line of the plane. Buttock lines may he either left or right, 
depending on their location to the zero line (vertical center line). These: 
lines are measured in inches from the zero line, See Figure 104. 


yr m Figure 10h. 


Water lines are lines passing through the airplane parallel to а horizontal 
base line, See Figure 105. 


"S 


Figure 105. 
C. STATION LINES. 


Fuselage stations are perpendicular to W. L, О and are measured in inches 
from STA. 0. See Figure 106. 


Wing stations are perpendicular to the chord line and are measured in 
inches outboard from STA. 0. See Figure 107. 
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IX, AIRCRAFT STANDARDS 


A. CLASSES OF STANDARD PARIS. 


А standard part differs from other parts, principally in that it does not 
belong to any one model, but is used universally over a range of models. 
There are five classes СР" standard parts, distinguished from each other by 
the names CYAC, AN, Air Corps, Navy, and Commercial. 


1. 


CVAC Standard Parts are drawn ав Consolidated Vultee Aircraft Corpora- 
tion drawings and are available in the files and algo, in the case of 
those most used, in the CVAC Standard Parts Book. ‘This book is a сош- 
pilation of classified information including outline drawings of some 
parts, tables of numbers, and information as to how to call for the. 
parts on assembly drawings. 


Information as to Standard Parts not in this book may be obtained from 
the Standards Engineer. All changes on CVAC Standard Parts drawings, 
compilation of new СТАС Standard Parts, and conversion of regular parts 
to standard part status must be referred to the Standards Engineer. 


СҮАС Standard Parts drawings will not show model designation. The pre- 
fix "Q" will be added to each Standard Part Number where called for on 
an installation or assembly drawing. Tt must be double-spaced away from 
the number proper in both Hand-lettering and typing. | 


proved by the standards committee of both 
the Army and Navy. Their use, wherever applicable, is mandatory on all 
models, commercial included. In calling fór these parts on assembly 
drawings, the prefix "AN" tiust be included as а portion of the part 
number. 


AN Standard Parts are parts ар 


Air Corps ‘Standard Parts are those without the AN applicable, and are 

mandatory on Air Corps models. In calling for them on Navy drawings 

the prefix "AC" is to be included with the numbers from those of other 
series. 


Navy Standard Parts are those shown without the AN prefix in the Navy 
Standard Parts Book. Their use,wherever epplicable, is mandatory on 
Navy models. In calling for them on assembly drawings, tho prefix 
"МАЕ" is to be shown with each part number. 


Since there are thousands of standard parts, it would be impossible to ex- 
plain how each part is coded.. The following explanation is given for a few 
common standard parts in order for you to become familiar with how they are 


coded. Consult Standard Parts Manual for details when information is needed. 


1. iBolts. 


Aircraft belts are coded for length by inches and elghths. For all 
lengths Below 1 inch, the simple figure means "eighths: i. ө., 0 
means 6/8 or 3/4. The figure "1" followed by, the figure zero "O", thus 
"10", designates 1" long; "12" designates li long; and во on, up to 
"11/8" or 1 3/8". Then for 2" long, it is written "20", AN bolts are 
hex-head bolts. 
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- Aluminum Alloy Aircraft Bolt 3/16 - 
Dia. x 1/2" long. 
Lengths in ۰ 


57 نے 
ХЭ‏ 
о‏ 
1 
FE‏ 


: Aluminum Alloy Bolt (see note below) 
| 7ے‎ ۱ 
Diameter in 26558. 


r and Navy Standard Part 


Note: Example of Part No.: AN-4 = Bolt - Steel 
AN3DD-h = Bolt - Aluminum Alloy 


Ada "А" to part number for bolt without. cotter pin hole. Example: АМЗ-ВА. 


The head of an aircraft bolt has "X" on the head if the bolt 18 heat- 
treated а11су steel 125,000%/в4. іп. Minimum. 


There is а raised dash (-) өп opposite sides of the top of the head if 
the bolt is aluminum alloy. 


An AN standard aircraft bolt. 18 identified by a raised asterisk (*) on 
the head. An AN standard bolt on which any rework has been done Buch 
as shortening of bolt to eliminate cotter hole, drilling of cotter hole, 
drilling of head, thread relief under-cutting, etc., has a circle in- 
scribed around the asterisk. 


The head of a nickel steel Wolt. other than an AN standard with a mini- 
mm tensile strength of 125,000 PSI has an "X" stamped on the head. 


All special bolta (dimensionally non-standard, special material, high 
heat-troat, ес.) bear stamped on the heads, either the part number or 
the abbreviation "SPEC." 


Unplated bearing bolts have the letter"E" satampod on the heads. 


Bolts tested for Hardness bear an "X" on the heads. Bolts having under- 
gone magnaflux inspection are dyed green or orange. 


Aircraft bolts are made either of steel or of aluminum alloy. Whenever 
possible, they should be installed with the shank of the bolt down, in- 
board, or the rear. This is done to eliminate the possibility of the 
bolt falling out if the nut should come loose, and to make inspection 
of cotter pina easier. However, care must be taken to assure that 
neither clothing nor parachutes will be torn on protruding cotter pins. 
It tg better to violate tho rule about bolt position than to run. the 


` risk of an accident. The crew.of an airplane must move around some, 


and in rough weather it is impossible to keep from bumping into instal- 
lations. 


Bolts must be of such a length that the nut and washer will take up all 

the threaded portion. In other words, none of the threads should be in- 
aide the material being Hela together, and the end of the bolt should | 

be flush with the end of the nut. The unthreaded portion or "grip" of 
the bolt should be equal in length to the thickness of the material. 


Nuta, 


Crown Castle Nuts (AN310) should be used on hex-head bolts drilled for 
-5h- 


3. 


cotter pins. These bolts invariably are loaded in tension and must: have 
a nut with sufficient threads to prevent stripping. The shear Castle 


Nuts (AN 320) are very thin. and are used only in bolts carrying a shear 


load. Blueprints should be checked for the correct types of nuts. 


Under no conditions must a fiber stop nut be used on a drilled -shank 
bolt. The tiny burrs left from drilling will act as a tap and cut the 
Tiber nut, rendering it unsafe. For the same reason, fiber stop-nute 
should never be tapped nor any lubricant used on a bolt being run into. 


such a nut. The grip of the fiber on the bolt threads safeties the stop 


nut. Any practico which tends to decrease this grip is unsafe and, 
therefore, forbidden. 


The following 18 a list of nuts most commonly used in aircraft work: 


AN310-Castellated. Range by 16ths from 3/16" to 1". Steel or 
Bluminum. alloy. 


AN315-Plain. Range by 1б%һв from 3/16" to 1". Steel only. 


AN315-Plain. Range by l6ths from 3/16" to 1". Steel or aluminum 
alloy. 


AN316-Check. Range ty l6ths from 3/16" to 1/4". Steel and altm- 
inum alloy. : 


AN350-Wing. Range by lóths from 10/32" to 3". Steel or brass. 


AN355-Engine-Slotted. Range by 16the from 3/16" to 3/4". Steel only. 


AN360-Engine-Plain. Range Бу lóths from 3/16" to 3/4". Steel only. 
The above nuts are coded thus: 


AN 310 D. E Aluminum alloy 4/16. dia. of 
| | | tap x 28 айв. 


| 
Diameter in ۰ 
| | Aluminum ۸116 

! ‘Typo | 

|army anà Navy Standard Parts 


AC356 Lock Nut 
(Use on Engines Only) 


Dash Nó. Thread 
428 1-28 
624 3/8-2h 
120 1/16-20 
820 2-90 ` 

1018 5/8-18 
1216 3/5-16 


Plate Nuts. 


There are various types of nut-plates, including double wing, single . 
wing, 909 double wing, and gelf-aligning nüt-plate strips. Except for 
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slight differences in installing nut strips the procedure for install- 
ing all types of nut-plates is the same. 


After the sorew holes have been laid out and drilled in the doubler, the 
nut-plates are fastened in place with short screvs which will not go 

into the fiber. This is dene so the nut-plate can be held in place with 
the fingers while the screw is tightened. Care should be taken to align 
the nut-plate perfectly with the screw hole, and in its proper position 
on the doubler. Holes are new drilled through the pilot holes in the 
nut-plate wings and through the doubler. The holes must now be counter- 
sunk for the rivets. | 


Gront caro should be taken іп countersinking holes. Countersink should 
be helà exactly perpendicular to the sheet, and not too much metal re- 
moved. Holes should be tested with a rivet of proper side, and made 
just right. The rivet head should not be either above or below the sur- 
face of the sheet but should be exactly flush and should entirely fill 
the countereink portion of the hole. 


After the holes are all countersunk, nut-platea should be removed and 
all chips cleaned frem between them and the sheet. Ten the nut-plates 
are reinstalled with short screws, the rivet holes are lined up, and the 
platea riveted in place. When the short screws are removed the instal- 
lation 18 complete. 


Plate Lock Nuts most commonly used in aircraft are: 
AN362 Nut-Plate (high-temperature ( 
AN366 Nut-Plate 
AN367 Nut-Plate 

Self-Locking Nuts. 


AC-365 Self-Lecking 
(Don't Use on Bolte with Cotter Holes) 


Dash No. Steel Thread 
7771032 10-32 
428 %-28 
581 5/16-21 
625 3/8-21 
720 7/16-20 
820 2-20 


Check Nuts. 


The number 316 identifies a check nut. Te difference between the , 
AN316 and the AN315 is a difference in 8126. Furthermore, the AN316 
does not have the washer or smooth-faced effect on the bottom. AN316 
و ود‎ thin nut not designed for full tensile strength of the bolt and is 
used chiefly for locking plein ۰ This should be used in shear with 
lock washor, star washer, or pat nut. 


Cotter Pins. 
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_ Cotter Pin Dash No. 
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6-6 
6-8 8-8 
!-1 6-10 8- 
3 6-12 
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(For diamotere smaller than 1/16" cotter use wire .O41 x 1" Stool) 
Dash numbera 118504 ere for low carbon. steel. 
Aaa "C" before first dash number for corrosion resistant stoel. 


Example of part No.: AN380-2-2. = Low carbon stool. 
AN380C2-2 = Corrosion resistant steel. 


Clevis Pins. 


The "AN" numbers from 392 to 106 inclusive, designate the diameter of 
clevis pins in 16the. 


The last digit of the "AN" number dosignates tho diamoter in ۰+ 


AN392‏ وا 
АНЦОО‏ 
ANLO?‏ 
06ھ 


2/16 or 1/8 àiamoter. 
10/16 or 5/8 diameter. 
12/16 or 3/4 àiameter. 
16/16 or 1 diameter. 


Clevis pins are coded for grip length only whon oráering. The grip is 
given in 32nds, anê dash numbers are "ODD", thus, -7, -9, -11, etc. 


AN 392 11 - Flat hoad ріп, 1/8 dinmetor x 7/32 1008. 
| | iGrip longth іп 32046. 
Diametor in 10518. | 

г and Navy Standard . 


A clevis pin should protrude through the assembly in which it is Їл», 
stalled just far enough to uncover the ontire cotter pin hole. Тһе cot- 
ter pin 18 thon inserted, the head of the pin pushed snugly into the 
hole, and the logs spread back around the circumference of the clevis 
pin. They should be pressed down tightly, and should be just long 
enough to come back almost to the head of the cottor pin. A pair of 
long-nose pliors are best for thie work. Care must be taken not to 
scratch tho protective coating from either the clevis or cotter pin. 


After tightoning a castle or shear nut on & bolt, tho cotter pin hole 
in the bolt must be aligned with e slot in the nut. The hole must be 
above the bottom of the slot but must not be above castle of the nut. 
It is permissible to add washers, under the nut if necessary to raise the 
castle on the nut past the cotter pin hole, but under no condition must 


the total thickness of washors exceed 1/8". When the hole and slot are 
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aligned, the cotter pin is put through and tapped gently into placo, 

It should not be hit hard enough to deform, the head or bury it in the 
alot of the nut as this makes removal difficult, The top 168 is then 
bent back over tho end of the bolt, cut off at the bolt center, and 
tapped down against the bolt end. The other leg is bent over the nut | 
and should be 4ust long enough to lay along the vtolt of tho nut. Under 
no circumstances should nut rest against the material of the joint. It 
is not proper to turn the bolt after it has been cottered. The cotter 
pin hole should be so lined up in the first place that 4% won't be neces- 
sary to turn the bolt to finish cottering. 


Clevis Bolts. 
The "AN" numbers from 23 to 36 inclusive designate tho diameter of clevis 


bolts in 16ths, in accordance with the final digit, and assuming the 
unit as the first digit in the range from 30 to 40, atc. 


Example: AN23-3/16 dia. Above 30 tho designation is: 
АМ29-9/16 dia. با 32-3 ت۸‎ 
AN30-10/16 or 5/8 dia. AN34-7/8 
AN36-1 


The lengths of clevis bolts are coded in l6ths, Add "A" after dash 
numbers for boit without cotter pin hole. 


Example: No. АМ23-8-3/16 dia. x 1/2" long, drilled for cotter pin. 
ANE3-84-3/16" dia. x 1/2" long, undrilled. 
23 -8 А a 3/16 dia. x 2" long undrilled clevis bolt. 
· Юрйгїллеа 


Diameter in 1668 
Army and Navy Standard Part 


Machine Screws. 


Machine screws аге coded. for length in 16ths of an inch, and are called 
for thus: 


Aluminum Alloy 


I [Length in 165886, 
i Diameter | 
Alloy 

Туре Head 
larmy and Navy Standard Pert 


! ü p 6 48 . Round Head Screw (fine thread) 
| 


Note: АМ№520-6-8-5+еө1 
AN520-6-B-Brass | 
ANS20D-6-8-Alvminum Alloy 


The chart below explains how machine scrows are coded for diameter. 
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Machine Screws 


No, Size ` Thread Per Inch Clearance Drill No. 
| pee وت‎ ЕО . وپ‎ 


С " وبا‎ 32 
| 6 3e 28 
8 3e 19 
10 32 10 
18 5/16 

16 1 
УА 16 3/8 


Above 10-32 machine screw diameters, screws are coded thus: 
AN590-h16-8 = 4/16 or Ё aia. x 8/16 or i"x 1/2" long scrow. 
AN520-516-8 „ 5/16 or 5/16 dio. x 8/16, or 5/16" х 3" long screw. 
ANSO2-Fillister Нева, aircraft, "X" stamp on head. Steel only. 
AN510-Flat Head--Steel, brass, or aluminum alloy. 
AN5?0--Round Head --Steel, brass ог aluminum alloy. 
AN526-~Button Hoad. 

éxemple: АМ526-632-Ц = 16-32 x 1 low carbon steel. 

AN526C632-4 - #6-32 x $ corrosion resistent steel, 
ANS26DD632-4 = #6-32 x Ї aluminum alloy. 


Phillips head screws have rounded slots, while slotted head screws have 
sharp straight slots. 


C. COMMON AIRCRAFT STANDARD PARTS. 
The following is а list of Air Corps Standard Sheets by number which ds 


also the basic number of the parts listed thereon. For exact and up-to- 
date information consult standard sheets and manuals available at the. 


blueprint booths. - 
Number Name : Number Name 
۸276002 Tie Rod. Strmine #6AC Std. АН 27 Bolt - Clevis 7/16 
AN 3 Bolt - Aircraft #10 AN 28 Bolt - Clevie 
AN Ш Bolt ~ Aircraft i AN 29 Bolt - Clevis 9/16 
AN 5 Bolt - Aircraft 5/16 AN 30 Bolt - Clevis 5/8 
AN 6 Bolt - Aircraft 3/8. AN 32 Bolt - Clevis 3/4 
AN Т Bolt - Aircraft 1/16 AN 34 Bolt - Clevis 7/8 
AN 8 Bolt - Aircraft | | AN 36 Bolt - Clevis 1 
AN 9 Bolt - Aircraft 9/16 AN 42 Bolt - Eye 3/16 Ріп fio 
AN 10 Bolt - Aircraft 5/8 АМ 43 Bolt - Eye 3/16 Pin 
AN 12 Bolt - Aircraft 3/4 AN h Bolt - Bye 1 2 5/16 
AN 14 Bolt - Aircraft 7/8 AN 45 Bolt - Eye 5/16 Pin 5/16 
AN 16 Bolt ~ Aircraft 1 AN 46 Bolt - Eye 3/8 Pin 
ےھ‎ AN 23 Bolt - Clevis #10 AN 47 Bolt - Eye 3/8 Pin 1 16 
Мх AN 2h Bolt - Clevis i AN 48 Bolt - Eye 7/16 Pin 
AN 25 Bolt - Clovis 5/16 AN 49 Bolt - Eye Í Pin 9/16 
AN 26 Bolt - Clevie 3/8 60 Bolt - Hex Hd. Fine Thà. 
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Name 


Bolt-Hex. Hà. Coarse Thà. 
Bolt-Carriage, with Nut 
Bolt-Drilled Head po 
Bolt-Drilled Head + 
Bolt-Drilled Head 5/16 
Bolt-Drilled Hoad 3/8 
Bolt-Drilled Head 116 
Bolt-Drilled Head 
Bolt-Drilled Hoad 9/16 
Bolt-DFilled Head 5/8 
Bolt-Drilled Head 3/4 
Thimble -Wiro C:ble 
Bushing-Cable 
Bushing-Cable 
Shackle-Cahl е 
Cable-Eye and Fork 
Cable-Eyo and Pin Eye 
Cable -Eyes : 
Turnbuckle Assy.-Fork 
Barreal- Turnbuckle 
Fork-Turnbuckle 
Fork-Turnbuckle 
Eyo-Turnbuckle for Pin 
Eye-Turnbuckle Cable 
Booring-Honvy Duty 
Boaring-iIntermed.Duty Ball 
Pulley-Control 
Fastener=Snap 
Fastoner-Curtain . 
Fastoner-Cowl-Post Type 
Grommot-Plain and Spur 
Hook-Lacing 
Eyolot-Lacing 
Hinge-Butt 


` Hinge-Continuous 


Joint-Air-Univorsal 
Joint-Ball & Socket 
Koy-Woodruff 
Lubric&tor-Pressure Туре 
Lubricator-PresBure Type 
Cup-Grease 

Сир-041 

Nail-Common Brad 


Nail-Flat На.Сошеп% Coated 


Pin-Escutcheon 
Nail-Upholsterer' 81 
Nut-Aircraft Castle 
Nut-Aircroft Plain 
Nut-Aircraft Check 
Nut-Aircraft Shear 
Nut-Plain Hox.(Fino) 
Nut-Castlo (SAE) 
Nut-Plain Hex. (Coarse) 
Nut-Machine Screw 
Nut-Machine Screw (Fine) 
Nut Wing 
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Number 


АМ 325 
326 


` AN 360 


36h. 
365 
366 
367 
AN 380 
385 
386 
AN 392 
AN 393 
AN 39h 
AN 395 
AN 396 
AN 397 
AN 398 
AN 399 
AN 400 
AN 102 
AN 404 
АМ 6 
AN 435 
AN 420 
AN 425 
AN 430 
AN 435 
hho 
AN hài 
AN L42 
ls 
AN 450 
AN 455 
AN 481 
AN 486 
AN 490 
500 
501. 
AN 502 
503 
AN 505 
AN 510 
AN 515 
AN 520 
222 
АМ 586 
230 
531 


AN 532 


580 
AN 545 
AN 550 
560 
566 
570 


Name 


` Nut-Engine -Slotted 


Lock-Nut 


Nut-Plain-Engine 


Nut-Solf Locking-Thin 
Nut-Self-Locking 
Nut-Plate 

Nut-Plate- Countersunk 


‘Pin-Cotter 


Pin-Taper 
Pin-Taper-Threaded 
Pin-Flat Head 1/8 
Pin-Flat Head 16 
Pin-Flat Head 

Pin-Flat Head 5/16 
Pin-Flat Head 3/8 
Pin-Flat Head 7/16 
Pin-Flat Head ( 
Pin-Flat Head 9/16. 
Pin-Flat Hoad 5/8 
Pin-Flat Head 3/4 
Pin-Flat Head 7/8 
Pin-Flat Head 1 
Pin-Lock 
Rivet-Countersunk Head 
Rivet-Countersunk Head 
Rivet-Round Head 
Rivet-Round Hoad 
Rivet-Flat Head, Тіппегв 
Rivet-Flat Head 
Rivet-Flat Hoad 
Rivet-Belt, Copper 
Rivet-Tubular 
Rivet-Brazier. Head 
Clevis-Rod End Brazing 
Clevis-Rod End Adjusting 
Rod End-Threaded Brazing 


Screv-Fillister Head 56 та, 
Sérow-Fillister Head Fine Thà. 
Sorew-Fillistor Head Fine Thd. 


Screw-Fillister Head Coarse 
Sorow-Flat Нова Coarse та, 
Screw-Flat Head Fine Thd. 
Serew-Round Head. Coarse тра. 
Screw-Round Head Fine Thad. 
Sorow-Washer Head 


Screw-Button Head 


Screw-Round Head Sheet Metal 
Screw-Flat Head Sheot Metal 
Screw-Round Head Drive 
Screv-Lag-Gimlt Point 


Screw-Round Head (Wood) 


Screw-Flat. Head (Wood) 
Screw-Set-Square Head 


Screw-Headless Set 
Screw-Headless Set. 


Bushing-Screw 


0 


Number 


650 
660 
AN 661 
AN 665 
AN 671 


AN 612۸ 


AN 673 
AN 673A 
AN 674 
AN 674A 
AN 675 
AN 2 
AN 676 
AN 676A 
AN 677 
AN 677A 
AN 678 
AN 678A 
AN 679 
AN 679A 
AN 680 
AN 680A 
AN 682 
AN 682A 
AN 68h 
AN 684A 
AN 686 
AN 686A 
AN 701 
AN 701A 
AN 3 
AN 703A 
AN ТО 
AN ТОВА 
AN 705 
AN TOA 
AN 706 
AN 706A 
AN ТОТ 
AN ТОТА 
AN 108 
AN ТОВА 
_ n3 
AN 740 
145 
750 
155 
165 
TTO 
AN 771 


Name 


Tag-Identification 
Terminal-Spark Plug 
Terminal-Tie А08 
Tie Rod Strmlne #6АС Std. 
Tie Rod Strmlne #6 SAE 0۰ 
Tie Rod Strmine #10 АС Sta. 
Tie Rod Strmlne #10 SAE Std. 
Tig Rod Strmlne у AC Std. 
Tio Red Strmlne + SAE Std. 
Tie Rod Strmine 5/16 AC Std. 


Number 
AN 780 
AN 185 
AN 790 
191 
AN 795 
AN 800 
AN 805 
810 
811 
835 


Tio Rod Strulne 5/16 SAE Std. 851 


Tie Rod Strulne 3/8 АС Sta. 
Tie Rod Strmlne 3/8 SAE Std. 
Tie Rod Strmlne 7/16 АС Std. 


Tio Rod Strmlne % AC Std. 
Tie Rod Strnine ` : SAE Std. 
Tie Rod Strmlne 9/16 АС Std. 


Tie ка возі [20 ви Sta. 865 


Tio Rod Strmlne 9/16 SAE Std. AN 875 


Тіс Rod Strmlne 5/8 АС Std. 
Tio Rod Strmine 5/8 SAE Std. 
Tie Rod Strmine 3/4 АС Std. 
Ме Rod Strmine 3/4 SAE Std. 
Tie Rod Strmlne 7/8 АС Std. 
Tie Rod Strmlne 7/8 SAE Std. 
Tio Rod Strmine 1 AC Std. 
Tie Rod Strmlne 1 SAE Std. 
Tie Rod Int. #6 AC Std. 

Tie Rod. Int. #6 SAE Std. 

Tio Rod Int. #10 AC Std. 

Tie Rod Int. #10 SAE Std. 
Te Rod Int. f AC Stå. 

Tie Вой Int. f БАЕ Std. 

Tie Rod Int. 5/16 AC Std. 
Tie Rod 5/16 SAE Std. 

Tig Rod Int. 3/8 AC Std. 
Tie Rod Int. 3/8 SAE Std. 
Tie Rod Int. 7/16 AC Std. 
Tie Rod 7/16 SAE Std. 

Tie Rod Int. $ AC Std. 

Tie Ной Int. 2 SAE Std. 
Clamp -Bonding 

Clamp-Tube | 

Clamp-Hose 

Clip-Tube, Open Type 
Clip-Tube, Loop 

Cook-Shut Off 

Cock-Plain 

Cock-Drain, Screw Type 


hl 


The following pages are sample pages 


Manual. 
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Neme 
Nipple-Union 
Coupiing-Union(Brazing) 
Elbow-Union 
Elbow-Union 450 
Tee -Union 
Cone-Union 
Wut-Union 
Fitting-Solderless. 
Pitting-Solderless . 
Nipple-Hose, Fuel & 011 
Nipple-Hose, Fuel & O1l 
Elbow-Hose, Fuel & Oil | 
Eibow-Hose, Fuel & 011 45° 
Elbow-Hose, Fuel & 011 — 
Үһоу-Нове, Fuel & 011 45° 
Flange-Tube Reinforcing 
Flange-Pipe-Riveting 
Flange-Strt. Thds. Rivet. 
Flenge-Pipe Welding 
Flange -Strt. Thds. Welding 
Liner -Нове 
Hose=-Cooling Liquid 
Hose-Aircraft 
Hogo-Fuol & 011 
Croas-Primer & Gage 
Elbow-Hose-0il Drain 
Fitting-Pipe 
Gasket-Annular Copper Asbestos 
Plug-Hex. Head Locking 
Plug-Square Head L.Tapped 
Plug-Square Head Locking 
Grommet -Rubber 
Qrommet-Rubber 
Washer-Spring Lock 
Washer -Lock 
Waghor-Burr 
Washer-Plain Coml. Std. 
Washer-Ball Socket ` 
Washer-Ball Seat 
Washer -Plain 
Washor-Flat for Wood 
Washer-Taper Pin 
Wire-Lock 
Ring-Lock 


of Standard parts from Standard Parts 
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War died Navy Ператинстид а tha, 


| тр пай АТ | | 


MARE CORROSION RESISTING | 
STERL BOLTS WITH RAISED DAS \ - ия 1/32 x lise 


APPROX. 


WITH RAISED X 


(2) тн RLISED ок DEPRESSED 


FER OM BOTTOM FACE 15° 
DIMENSION. 3/8 OPTIONAL 


рар нед ہے‎ m 5 . 


as ii сбу goear Шснихга Í 
Чатына» (het any کا‎ са? сау 


ےریہ 
арай М.‏ 62 
пар И‏ 


ULTIMATE TENSILE 
STRENGTH (LB3) МІН 


simt qiw 


MATERIAL: STERL.OR-ALUM. ALLOY (FOR DETAILS SEE PROCUREMENT SPECIFICATION). 
утпа (FOR DETAILS SER PROCUREHENT SPECIFICATION). 
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X. AIRCRAFT TERMS AND NOMENCLATURE 


AERODYNAMICS - The branch of dynamics 
that treats of the motion in air 
and gaseous fluids and of the 
forces actingon solids in motion 
relative to such fluide. 


AF - Back or toward the rear. 


AGE HARDENING OF ALUMINUM ALLOYS - 
After heat treating and quenching, 
they become harder in time through 
а gradual physical change. The 
time varies with the alloy; 1t 18 
retarded by keeping the alloy in 
an ice box. m 


AILERON - Movable portion of wing 
used to bank the airplane. On 
back edge of wing near the tip. 


AIR SCOOP - Funnel-shaped opening 
in wing or fuselage to catch the 
air and force it into a cooling 
system. or ventilating system. 


AIRFOIL. - Any surface, such as an 
airplane wing, aileron, or rudder, 
etc., designed to obtain a useful 
reaction from the air through 
which it moves. 


AIRFOIL SECTION - A cross-section of 
an airfoil, parallel to the plane 
of symmetry or to a specified re- 
ference plane. 


AIRPLANE - A méchanically driven 
fixed-wing aircraft, heavier than 
air, which 1s supported by the dy- 
namic reaction of the air over its 
wing surfaces. 


ALCLAD - Aluminum alloy with a thin 
coating (about 5 per cent of thick- 
ness on each side) of pure aluminum 
to prevent corrosion. Usually ap- 
plied to sheets and wire only. Reg- 
istered trade mark of the Aluminum 
Company of America. 


ALLOWANCE - Intentional difference 
tween dimensions of mating parts. 
[f positive there 18 a clearance; 
if negative it is a force fit. 


ALLOY - A solid solution composed of 
two or more metals melted together. 
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AN CODES - Abbreviatiorefor parts and 


material included in Army and Navy 
specifications. 


ANGLE SECTION - Pert having two / 
flanges or legs usually at right 
angles to each other. 


ANNEALING - Heating of an alloy in 
the solid state to a high tempera- 
ture and allowing it to cool slow- 
ly to soften it. 


ANODIC TREATMENT - Artificial ох148- 
tion of the surface of aluminum al- 
loys to make a protective coating. 
Done by passing ап electric cur- 
rent through the part while sub- 
merged in a chemical solution. 


ASSEMBLY DRAWING - Drawing that shows 
two or more parts fastened together 
to forma unit. Usually gives 
only dimensions and notes needed to 

fit the parts together. 


AXIS OF SYMMETRY - Line on a drawing 
to indicate thet the portion on 
one side of the line is a mirror 
image of that on the other side. 


BAFFLE PLATE - Plate or wall placed 
in fuel or oil tanks to prevent the 
liquid from splashing around in the 
tank. 


BASE LINE - Horizontal line on the 
drawing from which measurements are 
taken to lay out a curve. 


BAY (BODY PARTS) - Portion of fuselage 
between adjacent bulkheads of frame 
positions. 


BREAD - A trough-like portion formed 
in-a flat sheet metal part to stif- 
fen it. 


BEAM - A rigid body designed to trans- 
nit. transverse loads in shear and/ 
or bending to ita points of support. 


BEND ALLOWANCE - Amount of sheet 
metal required to make a bend over 
& specific radius. The inside rad- 
118 is always used. 


| 
| 
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BLANK (METAL PART) - Sheet metal part 
&8 it appears after being cut out 
of a flat sheet. 


BRAZING - Method of joining metals 
by use of copper, zinc, and tin, 
instead of solder; done at а high 
temperature. 


BUCKING BARS - Smooth steel bars 


which are held against the small 
end of the unit when the head is 
pounded by the rivet gun set. 


BULB ANGLE - Angle section, one leg 
or ваде having bulb-shaped edge. 


JLKHEADS - Closed frames. Bulk- 
heads used in the construction of 
a float or hull may or may not be 
water tight. 


BURNISH - To polish out a scratch in 
metal by rubbing the oiled scratch 
with a dull, highly polished tool. 


BUTT-JOINT - A joint іп which the 
two edges are placed end to end. 


CABANE - A truss arrangement used for 
supporting the bracing wings, wing 
overhang, wing tips, etc., on an 
aircraft. 


CABLE - An assembly of various num- 
bers of strands of wire twisted 
together and capable of withstand- 
ing tension loads. 


CAMBER - The rise in the curve of an 
airfoil sectton from its chord, 
usually expressed as the ratio of 
the departure of the curve from the 
chord to the length of the chord. 
"Upper camber" refers to the upper 
вҰГҒасе of an airfoil. and "lower 
camber" refers to the lower surface; 
mean camber is the mean (average 
rise of upper and lower camber) of 
the section. Camber is positive 

when the departure is upward, and 
negative when 1t is downward. 


CANTILEVER - A projecting member with 
one end rigidly fixed and the other 
end projecting fron the point: af 
support and free to move vertically 
under the influence of vertical 
loads which are applied between 
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the free ends and the fixed end. A 
full cantilever airplane beam (spar) 
is rigidly fixed or supported at the 
fuselage and the wing tips are the 
free ends. The term is sometimes 
applied to landing gear, tail 

group members. and other parts. 


CAP STRIP - Continuous upper and lower 


edge of a spar. Usually an extru- 
gion or machined section. 


CENTER OF GRAVITY (C.G.) - The point 


of application of the resultant 
attraction of the earth for that 
body, 1. e., the point about which 
the body would balance in any po- 
sition. 


SENTER SECTION - The portion of the 
fuselage to which the wings are at- 
tached. Usually a small section 
of the wing on each side is built 
integral with the fuselage. The 
outer panels are attached to these 
вёцбв. 


CHANNEL SECTION - A structural sec- 
tion having a U-shaped cross sec- 


CHORD LINE - An arbitrary datum line 
from which the ordinates of an 817- 
foil section are measured. It is 
ugu&lly the straight line tangent 
to the lower surface at two points, 
or the straight line between the 
leading and trailing edges. (Those 
edges may be defined, for this pur- 
pose, as the two pointe in the вес- 
tion which are farthest apart). 


CLOSED ANGLE - An angle with less 
than 90° between the legs. 


COLD WORKING (METAL) Working metal 
cold by hammering, rolling, etc. 


COMPRESSION - The result of two 
forces having the same line of ac- 
tion апа acting toward each other. 


CONTROL STICK - The vertical lever by 
means of which the longitudinal and 
lateral control surfaces of some 
airplanes are operated. The eleva- 
tor is operated by a fore-and-aft 
movement. of the stick; ailerons, by 
a side-to-side movement. 


CONTROL. SURFACE- Any hinged, movable 
area used by a pilot to control the 
ship. 


CONTROLS - A general term applied to 
the means provided to enable the 
pilot to control the speed, direc- 
tion of flight, altitude, power, 
etc., of the aircraft. | 


CORROSION - The physical changes in 


a piece of metal or chemical reac- 
tion tending to wóaken or eat away 
the metal or metals. 


COWLING - A removable metal covering 
which extends over and around the 
engine, and sometimes over a por- 
tion of the fuselage or nacelle as 
well. 


DIHEDRAL - A wing design in which the 
wing tips are raised above the cen- 
ter section portions of a wing. Its 
effect is to lower the C. G. of the 
airplane. 


DIMENSIONS - Ав appliel to these 
courses dimensione are the measure- 
ments or the means of conveying 
measurements through the medium of 
drawings. 


DRAG - The resisting forces set up in 
an airplane or structure in flight 
tending to slow down forward speed. 


DRILL BUSHING - Hardened steel tube 
іп а jig to prevent enlargement of 
hole when used as 4 drilling guide. 


DRILL GAUGE - A flat plate with a 
series of accurately fixed holes to 
test drill for true diameter. 


DRILL JIG - A contrivance that holds 
parts of & unit together while ac- 
curately located holes are drilled 

in the parts through pilot holes in 
the jig, itself. 


ELEVATION - A drawing in which a view 
projected on a plane perpendicular 
to the horizon 18 shown, і. е., 
side elevation, front elevation, 
rear elevation. 


ELEVATOR - A removable auxiliary alr- 
foil, the function of which їв to 
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aircraft. 


impress a pitching movement on the 
t. The "elevator" 18 usually 
hinged to the stabilizer. 


ENGINE - The mechanical means of de- 
veloping power. 


EMPENNAGE - Entire tail assembly of 


a ship. 


EXTRUSION - Aluminum alloy sections 


made in various shapes, such as T, 

L, and I beams, by forcing the gemi- 
molten metal through a die of the 
desired shape. 


FACTOR - A multiple, 1. e., dynamic 
factor, load factor and factor of 


safety. 


FAIRING - An auxiliary member or 
Btructure whose primary function is 
to reduce head resistance or drag 
of the part to which it is fitted. 


FIN - A fixed or adjustable airfoil, 
attached to an aircraft арргохі- 
mately parallel to the plane of 
symmetry, to afford directional 
stability; e.g., tail fin, skin fin, 
etc. 


FIREWALL - А fire-resistance trans- 
verse bulkhead, so set as to iso- 
late the engine compartment from 
the other parts of the structure 
and thus confine tho fire to the 
engine compartments as much as pos- 
sible. 


FITTING - A general term referring to 
any one of the many small, and not 
otherwise named, parts used in fab- 
ricating the structure of an air- 
craft. The most important fittings 
are those which join two or more 
major assemblies such as wing to 
fuselage. 


FIXED SURFACE - A non-adjustable con- 
trol surface used for the purpose 
of controlling the stability of an 
aircraft. | 


FLANGE - Any web-stiffening portion 
of an I-beam, channel section, cap 
strip, etc. 
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FLAP - Hinged part of wing between 
aileron and fuselage (each side) 
that is lowered to reduce landing 
speed. 


FORCE - A force is any action, the 
effect of which is to change the 
state of motion or position of a 
body, 1. e., any action which 
tends to produce, retard, or modi- 
fy motion. A force 18 a quantity; 
and may be represented by a 
straight line, called a vector. A 
force has three characteristics, 


(1), magnitude, (2) direction (sense), 


and (3) point of application. 


FORGING - Metallic part formed by plac- 


ing a preheated bar in а die and 
hammering it to the desired shape. 


FORWARD - Front or toward the front. 


FUSELAGE - The structure of approxi- 


mately streamline form, to which 
are attached the wings and tail 
unit of an airplane. It supports 
the engine on a single engined air- 
plane and houses the crew and равв- 
engere or cargo; etc. 


GRAVITY - A constant force acting to- 
ward the earth's center. Gravity 
represented by the letter G, mani- 
fests itself as the weight of any 
object and produces a uniform ас- 
coleration of 32.2 ft. per sec. 
(approximately , depending upon 
the latitude.) 


GUSSET ~ Small plate used in rein- 
forcing assemblies. 


HAND BUMPING - Shaping of soft metals 
by use of hammers and mallets of 
various material. Same as hand 
forming. 


HORN - A short lever attached to a 
control surface of an aircraft, 
to which the operating wire or rod 
is connected. Typical examples are 
aileron horn, elevator horn, rudder 
horn, etc. 


INTERCOSTAL - Member between ribs or 
frames. 
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JIG = Any rigid structure or mechan- 


ism used to hold parts together in 
án assembly. 


JOGGLE - Offset in & small portion of 
а metal part (flange, angle, etc.) 
SO the part will clear other parts. 


LANDING GEAR - The understructure 


which supports the welght of an 
aircraft when in contact with tho 
land or water in reducing the shock 
of landing. It includes the main 
landing wheels, tail wheel or tail 
skid, etc. Also called "under- 
carriage" (British) and "alighting 
gear" (Army). 


LAP JOINT - Joint where two edges of 
parts to be fastened together over- 
lap each other and are fastened in 
the lap. 


LEADING EDGE - Foremost edge of air- 
foil or propeller blade. 


LIFT - That component of the ‘total 
air force on an aircraft or air- 
foil which is perpendicular to the 
relative wind and in the plane of 
symmetry. It must be specified 
whether this applies to a complete 

aircraft or to parte: thereof. Its 


LIMITS - The maximum and minimum per- 
шіввізіе dimensions of a part at 
any particular point. Limits are 
applied to dimensions on drawings 
for the following reasons: (1) To 
obtain certain pre-determined. fits 
between parts for the proper func- 
tioning of the mechanism even a 
a certain emount of wear. (2) Т 
enable parts to be made па 
ently of each other and gtill func- 
tion properly when assembled to- 

gether. (3) To maintain inter - 
changeability in order that arti- 
cles may be easily assembled in 
the factory and repaired іп serv- 
ice with the least possible delay 
and expense. (4) To advise the 
mechanic how near he must come to 
the desired dimensione in view of 
the fact thet dimensions cannot be 
met exactly. 
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LOAD - A force or resultant of a 


system of forces, i. e., useful 
load, pay load, full load, dead 
load, basic load, dynamic load. 


LOAD FACTOR - The ratio of any врес1- 
fied load on a member to the cor- 
responding basic load. Generally 
applied to the ratio of the break- 
ing load to the basic load. 


LONGERON - A fore-and-aft member of 
the framing of en airplane fuselage 
or nacelle, usually continuous 
across а number of points of sup- 
port. | 


LONGITUDINAL STIFFENERS - Members ар- 
proximately parallel to the longi- 
tudinal axis of a beam or semi- 
monocoque structure designed to 
stiffen the ekin and assist it in 
resisting shear and bending loade. 
A atiffener is e member used to 
reinforce thin sheets. Sometimes 
called STRINGERS. 


MECHANICAL ADVANTAGE - The ratio of 
any force developed by any device 
or machine to the external force 
applied. 


MOCK-UP - A full-sized wooden dummy 
model of the major portion of an 
airplane of new design to check 10- 
cation of seats, controls, ete. 


MOLD LINE ("ML") - Intersection of 


two surfaces. Where bend is on & 
radiue the mold line is the line 
where the planes would meet if 
extended beyond the radius. 


MCMENT - The measure of the ability 
of a force or system to produce 
rotary motion or stress about а 
given axis. 


MCMENT OF INERTIA - With reapect to 
any given axis, the “moment of in- 
ortia" is the sum of the products 
of the mass of each elementary per- 
ticle(any small unit of measure- 
ment) by the square of ite distance 
from the axis. It is a measure of 
the angular acceleration character- 
161108 of a body or section about: 
а given axis. 
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MONOCOQUE - А type of structure 


where the conetruction consists of 
a thin sheet of metal, wood, or 
other material, supported by ribs, 
frames, or bulkheads, but usually 
without longitudinal тешеге other 
than the shell structure itself. 


MOTOR MOUNT - Assembly used to sup- 
port the motor; fastened to fuse- 


NACELLE - An inclosure which is fas- 
tened to the wing for the purpose 
of fairing an object which 18 larger 
than the boundaries of the airfoil 
section, said object usually being 
the power plant. 


NOSE HEAVY - The condition of an air- 


plane in which the nose tends to 
sink when the longitudinal control 
is released in any given attitude 
of normal flight. 


OIL CAN (SKIN) - Loose skin in & 
structure, which thumps like the 
votton of ап oil can when pressure 
is applied. 


OPEN ANGLE - An angle having more than 
90° between the legs. 


ORDINATE - The vertical distance 
above or below & stated horizontal 
axis оп a graph or chart. When 
plotting an airfoil section, the 
upper and lower camber of the sec- 
tion аге plotted ав ordinates. 


OVERALL LENGTH - The distance from 
the extreme front to the extreme 
rear of an aircraft, including the 
propeller and the tail unit. 


PANEL - Part of wing surface or fuso- 
lage. 


PILOT - One who operates the controle 
of an aircraft in flight. 


PILOT HOLE. - Small hole drilled in 
metal at a designated point which 
aer'ves as a lead for drill used in 
drilling larger hole. 


PITCH OF RIVETS - The center-to-cen~ 
ter distance between rivets in any 
row of rivets. 


НН ИИ ee дақ 


PLAN VIEW - Top view of an object. 


PLANE - An imaginary surface having 


but two dimensions and no depth. 


an өтінді; fully loaded, divided 
by the normal brake horsepower of 
the engine computed for air of 
Standard density unless otherwise 
stated. 


PROPELLER - Any device for propelling 
огаҒ% through a fluid, such ав 
water or alr; especially а device 
having blades which, when mounted 
on & power-driven shaft, produces 
a thrust by their action on the 
fluid. 


PROPELLER HUB - The metal fitting in- 
serted or incorporated іп or with а 
propeller for the purpose of mount- 
ing it on the propeller or engine 
shaft. 


QUENCHING - Cooling metal in water, 
011, or other liquids. 


RANGE - The maximum distance an nir- 
plene can fly with a given load 
and fuel supply. 


RADIUS OF BEND - À Багийг usually 
inside, to which a sheet metal part 
is bent. 


RATE OF CLIMB - The vertical component 
of air speed of an aircraft, 1. e., 
its vertical velocity with reference 
to the air. 


REACTION - A force, equal and opposite 
to the force or forces producing’ it. 


REVOLUTIONS - Abbreviation R. P. M., 
meaning revolutions per minute, 
usually referring to the revolutions 
of an engine crankshaft or propeller, 


RIB - Any member of an airplane struc- 
ture which serves the purpose of giv- 
ing a specific external shape or 
contour to the structure. Ribs are 
often used to aid in giving rigidity 
or to act as members to tie a struc- 
ture together. Ribs are found in. 
such members as wings, ailerons, 
elevators, fins, stabilizers, otc. 
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RUDDER - Hinged and movable area on 


RIGGING - The assembly, adjustment, 
and nlignment of the surfaces of 
the airplane, such ав rudder, etc. 


tail assembly that enables pilot 
to turn to the right or left. 


SECTION - In mechanics and material 
usages 1% most often means a cross 
sectional view at a certain point 
or a part which has a cross section 
of a specific nature, i. е., a part 
may be an angle section, a T вөс- 
tion, or a U section, etc. 
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SHOCK ABSORBER - A device incorporated 
in the landing gear of an aircraft 
to reduce the shock imposed on the 
Structure when olighting or taking 

off. Shock-absorbing devices nre 
usually interposed between the main 
structure and the wheels, floats, 
akis, or tail skids, to secure re- 
Biliency in landing and taxiing. 


SKIN - Outer thin sheet that covers 
wings, fuselage, tail surfaces,etc. 


SLIPSTREAM - The stream of air driven 
astern by the propeller. 


SPAN - The maximum distance, measured 
parallel to the lateral axis from 
tip to tip of an airfoil, or an 
airplane wing inclusive of ailerons, 
or of a stabilizer inclusive of 
elevators. 


SPAR - A primary structural member, 
i.e.,; wing spars designate wing 
beams. 


SPINNER - A fairing of approximately 
conical or paraboloidal. form, which 
is fitted coaxially with the pro- 
peller boss and revolves with the 
propeller. 


SPOT-WELD - Weld in one spot done by 
electrical resistance. 


SPREAD - Same as SPAN. 


SPRING-BACK - Angular amount that 
metal jumps back when bending. pres- 
sure ја released. Must be allowed 
for. | 
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STABILIZER - Any airfoil whose primary 


function 18 to increase the stability 


of an aircraft. It usually refers 
to the fixed horizontal tail. surface 


of an airplane, as distinguished from 


the fixed vertical surface. Tt ia 


usually Това ед at the rear of an air- 


craft, and is approximately parallel 


to the planes of the longitudinal and 


lateral axes. Also called “tail 
plane" : 


STAGGER - A term referring to the long- 


itudinal position of the axes of two 
Wings of an airplane. Stagger of 
any section is measured by the acute 
angle between the lines joining, the 
wing axes and a line perpendicular 
to the upper wing chord, both lines 
lying. in a plane parallel to the 
plene of symmetry. The tagger ів 
positive when the upper wing is in 
advance of the lower, and negative 
when the lower wing is in advance 
of the upper. 


STREAMLINE - The path of a particle of 
fluid, supposedly continuous, com- 
monly taken relative to a solid 
body past which the fluid is moving; 
generally used only of such flows 
ав are not eddying- 


STRESS - A resultant internal force in 
a body which resists the tendency 
of an external force to change the 
віге or shape of the body, 1.ө., the 
resultant internal force resiets 
strain. 


STRINGERS - See LONGITUDINAL STIFF- 
BRERS. 


frame. For 4nstefice, the‏ وس 
vertical members of tlie wing truss‏ 
of & biplane (interplane struts)‏ 

and the short vertical and hori- 
zontal members separating the long- 
erons in the fuselage. The external 
bracing on a semi-cantilever mono- 
plane is also termed a strut. They 
aro in tension in normal flight, but 
will be in compression at times due 
to downloads on the wing. 


SUPERCHARGER - A mechanical means of 
increasing the quantity of air and. 
density of fuel charge entering the 


MU 


cylinder of en internal combustion 
engine. A supercharger gives а : 
greater degree of supercharging. 
than does a blower and the higher 
gupércharger output (manifold pres- 
sures) тлу be utilized either in 
obtaining a greater power for take- 
off or a higher altitude power 
rating. 


SURFACE - An abbreviated term for 


any airfoil surface, also used to 
designate the area of an airfoil 
section. 


TAB (TRIMMING) - Small controllable 
area on flippers, elevators, rud- 
der and ailerons to balance ship 


TAIL ASSEMBLY - Rear part of the air- 
plane, usually consisting of: rudder 
and elevators, along with fixed 
stabilizers. 


TAIL GROUP (Empennege) - The ntabil- 
izing and control surfaces at the 
rear end of an aircraft, including 
stabilizer, fin, rudder, and ele- 
vator. Also called "empennage". 


TEMPLATE - Flat pattern of a part, 
usually of terne plate. 


TENSION - A tensile stress is pro- 
duced in a body when two resultant 
external forces act upon it in the 
same line (colinear) but in oppo- 
Bite directions. A tensile stress 
tends to lengthen a body. And its 
symbol is an arithmetic plus sign 


(+). 


THRUST - The forward force of pull 
which a propeller exerts because 
it imparts momentum to a column or 
mags of air behind it. Тһе mass of 
air handled is dependent upon the 
dinmeter of the propeller and the 
speed of revolution. 


TOLERANCE - An allowable variation 
in dimensione. 


TORQUE - The twisting moment of a 
force acting on a body in such a 
manner ав to produce rotation. or 
torsion. 


TORSION - The twisting moment of a 
body produced by the exertion of the 
moment of а force tending to turn 
one end or part againat a resist- 
ing force applied to the other end. 


TRAILING EDGE - The rearmost edge of 
an airfoil or propeller blade i 


TRUSS - A rigid planar structure made 
up of a series of triangles and de- 
signed to carry lateral loads. Any 
rigid framework or supporting struc- 
tures, the members of which may be 
in the form of metal bars, angles, 
rods, tubes, wires, or wood parta, 
etc., and may be of composite con- 
atruction of many materials and 
various shaped members. А truss 
is composed of top and lower chord 
members and vertical or diagonal 
members. 


TRUSS MEMBERS - A structural member 
of a built up truss or girder. 


WEB - Portion of spar which is the 
principal depth unit. 


WING PANEL - Portion of airplane wing 


constructed separately from rest of 
wing, to which it is later attached. 
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XI. SHOP ARITHMETIC 


This section is included for review of the fundamental facts of arithmetic 
essential to reading and interpreting blueprint information. 


Mathematics required by the average aircraft mechanic consists of addition, 
subtraction, multiplication, and division of whole numbers, common fractions, 
and decimal fractions. 


A. 


WHOLE NUMBERS. 


l. 


Addition - the sum of two or more numbers. 
Exemple; 254 + 85 . 1932 + 269 25% 
1932 
269 
2540 (Sum or Total) Answer 


For practice add the following: 


a. 18 h. 96 с. 8h d. 46 e. 88 f. 146 
136 „18 9 131 19. E 


Subtraction - the difference between two numbers. 
Example: Subtract 1324 from 1625. (1625 - 1314). 
1625 (Larger number is Minuend) 
- 1324 (Smaller number 18 Subtrahend) 
3117 (Difference or Remainder) Answer 
For practice subtract the following: 


&. 61. b. 44 с. 89 à. 69 e. Oh f. 678 
-9 -10 - 26 - 40. -80 - 565 


Multiplication - А short method for adding a series of like numbers. 
Example: Multiply 1268 by 25h. (1268 х 254). 


1968 (Multiplicand) 
х 254 (Multiplier) 

5012. 
6340 
2536 _ 


For practice find the product of the following: 


(Product) Answer 


а. бї b. 312 с. 4,134 d. 61,483 e. 12,315 f. 4,836 


x ہا‎ X 8 x7 1 ms x6 x5 x47 I 


Division - finding how many times one number is contained in another 
number. 


Example of short division: Divide 170 by 5. (170 + 5). 


+70- 


В. 


(Quotient) Answer 
(Dividend) 


(Divisor) 5 7 


Example of long division: Divide 6168 by 15 (6768 + 15) 
h51 _ (Quotient) Answer 


(Divisor) 15 7 Dividend) 


15 
73 (Remainder) 
For practice divide the following: 
а. 861 by T. Ъ. 126,498 by 58. c. 3,207,594 by 767. 
COMMON FRACTIONS, 


А fraction is made up of two numbera, one above the other separated by a 

short straight line; thus, 3, 9 , 17, and 21, or & diagonal line may 
5 16 3 

be used; thus, 3/8, 7/16. 


The number above the line is called the "numerator" and the number below 
the line the "denominator"; thus, 3 (Numerator) 

| В (Denominator) 
A proper fraction is always less than awole number, and ita numerator 
is always emaller than the denominator; thus, 3 ,9 , 15 are proper 
fractions. 5 16 3 


An improper fraction is equal to, or greater than, a whole number, and 
its numerator is equal to, or greater than, the denominator: thus, 9, 11, 
26 are improper fractions. 8 10 


l. Addition of Common Fractions: 


Example: Add the following fractions: 3, 3, and 5 (2+3+5 ) 
m" B bc 


Since 8 ie the smallest number into which all denominators will di- 
vide, 8 becomes the lowest common denominator. Then we must change 


each fraction to eightha before we can add the numerators; thus, i. 
1, 3:6, anû 5 2 5. Then we may add За, 2 - 15 or 1 7 Answer. 
| ОВ 8 | 


E OL S 8 8 


The answer 1 7/8 would be known ав a mixed number, because it coneiste 


of a wholé number and a fraction. 
For practice add the following: 


8. 3. 9-6 T b. 3 5. с, 3 š l. 5 
85816 ізі 15 7578 


2. Subtraction of Common. Fractions... 


Example: Subtract 7/16 from 27/32 (27 


ШИ‏ و 


^ = Š 24 


er ae i x 


To find the least common denominator we find 32 is divisible by 16 and 

32. Then change 7 to lh and. subtract 27 - 14 - 13 Answer 

Example: Subtract. fraction from a whole number. Subtract idum 5. 
1 


Change the whole number to a mixed number: 5 = h 16 
: ۱ iz 


Then h 16 -7 = 59 Anwer | 
| 35 16 15 


For practice subtract the following: 


a. 3 from 13 $. 3 from 11 c. 5 from 10 
ТЕ 16 38 B 


Multiplication of Fractions. 
a. Multiplying a fraction by a whole number. 
Example: 3 by в (3 x 8). 
10 10 
Multiply the numerator Бу the whole rumber and place the product 
over the denominator; 


3 х 8 - 25 
10 10 


Then change the improper frection to a mixed number: 


9h = 24 or 92 Answer 
Io 10 2 


b. Multiplying а fraction by a fraction. 


Example: 15 by 4 
‘= 


Using cancellation the numerator and denominator may be divided 
by the seme number. Then multiply the numerators and the denomi- 
nators to find the answer. 


c. Multiplying a fraction by a mixed number. 
Example: Multiply 4 by 2 3/16. Change the mixed number to 
an improper fraction 2 3/16 - 35. Then use cancellation as 


above. 16. 


1 3/4 Answer. 


карк Hn 
м 
لت‎ 
“=. 
"n 
нін 
= 
31 
تب(‎ 
n 


Л, 
d 


КИРЕЛИ ағы x 


For practice solve the following: 


a. 5 x 3 t. 23 x FL c. 3 x2 
8 16 ¥ 8 B 


h. Division of Fractiong. To divide fractions invert the divisor and 


then, multiply. 


Exemple: Divide 7 by +. 
16 


Invert the divisor 4, make cancellation, and then multiply. 
I 


= T ory ЗА 


м 
| 
ЖЕ” 


For practice divide the following: 


a. 3 by 5 b. 3. by 1 1 
35 167 5 16 


DECIMAL FRACTIONS.. 


The aircraft mechanic should understand decimal fractions because most 
metal used in aircraft is referred to in thousandths of an inch, and many 
measurements must be made to a very close tolerance expressed in thou- 
sandths. Decimal fractions are stated as the number of equal parts into 
which the whole number may be divided by 10 or in multiples of 10. 


Example: 3 = 0.3 .35 - 0.35 38 0.358 
io 100 «1000 


© 


To read or write decimals the following table will be helpful: 


Whole Numbers Decimal Fractions 


Decimal Point | 


m 


1. Addition of Decimal Fractions. 


Ten Thousands 
Ten Thousandths 
Hundred Thousandths 


Thousand ths 
Millionths 


Thousands 
Tenths 
Hurdredths 


Hundreds 


Unita 


Hundred Thousands 


Millions 


To add several, decimal fractions alwaye write decimal points directly 
under each other. Add in the same manner ав you would money values. 


Exemple: Add „256, 2.68 апа 5.1627. ‚256 
2.68 


Answer‏ ونم 
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re ae یت‎ 


For practice solve the following: 


a. 5 x 3 ъ 23 x h 1 6. 3 x2 
8 16 ¥ 8 8 


4. Division of Fractions. To divide fractions invert. the "AN 
then multiply. 


Exemple: Divide 7 вий 


Invert the divisor 4, make cancellation, and. then multiply. 


1 ۱ 
Та É + ТЕТ « T огу ۷ 
ге СЕЛІ 2 


= 


For practice divide the following: 


a. 3 by 5_ b. h 3 by 1 1 
وب‎ 06 8 15 


C. DECIMAL FRACTIONS. 


The aircraft mechanic should understand decimal fractions because most 
metal used in aircraft is referred to in thousandths of an inch, and many 
measurements must be made to & very cloge tolerance expressed in thou- 
Bandths. Decimal fractions are stated as the number of equal parts into 
which the whole number may be divided by 10 or in multiples of 10. 


Example: 3 = 0.3 _35 - 0.35 358 = 0.358 
10 100 „1000 


° 


То read or write decimala the following table will be helpful: 


Whole Numbers Decimal Fractions 


A — — M а eee = 


Decimal Point 


m 
Я 


Ё 


l. Addition of Decimal Fractions. 


Ten Thousandths 
Hundred Thousandths 


Thousandthe 
Millionths 


Ténths 
Hundredths 


Hundred Thousands 
Ten Thousands 
Thousands 


Millions 
Hundreds 
Unite 


To add several decimal fractions always write decimal points directly 
under each other. Add in the same manner as you would money values. 
Example: Add .256, 2.68 and 5.4627. ‚256 
| 2.60 
4627 


-73- 


x 
x 


---- 


€^ 


С 


For practice add the following: 


а. ET BK 38 
26 26.6782 
.03 | 3.06 


Subtraction of Decimal Fractions. 
Example: Subtract 2.506 from 6.6072. 6.6872 (Minuend) 


 (Subtrahend) 
(Difference )Answer 


For practice subtract the following: 


в. ‚3963 b. 507.385 c. 22.718 
221132 .:235.00h - 1.7002. 


Multiplication of Decimal Fractions. 


Multiply in the same manner as a-whole number. Then count off from 
the right in the answer the number of decimal places equal to the com- 
bined number of decimal places on the right side of the decimal point 
in the multiplier and multiplicand. 

Zxample: Multiply 5.15 х4.6 5.15 (Multiplicand) 

4.6 (Multiplier) 

— 3090 

2060 : 
2 3.0 9 0 (Product) Answer 


For practice multiply the following: 


a. ‚825 b. 426 c. 1.205 d. .232 
x 13 х:005 x 1.15 ‚001. 


Division of Decimal Fractions. 


The divisor should be changed to a whole number by moving the decimal 
point to the right in the divisor and to the right in the dividend the 
ваше number ОГ places. Then divide ав in whole numbers. The quotient 
(answer) should have the same number of decimal places ав the dividend 
after the decimal point has been moved. 


Example: Divide 16.875 by 3.75 (Divisor) 3.7 7 15,275 (Dividend) 


The divisor may be changed to a whole number by moving the decimal 
point two places to the right in both the divisor and dividend; thus: 


3.75) 16.875 іа changed to 375.) 1687.5 | 


Divide and point off the quotient. (answer) the same number of decimal 
places as in the dividend. 
| 4.5 (Quotient) Answer 
315. 7 1587.5 
1500 
71875 
1875 


9 = 


а F 


۰ٔ 4 —— — 


` = 


am cas 


ka UE‏ نہیں 


For practice divide the following: 


а. 25] :625 ы. .05) б. 


а. 2.36) 70 


The table of decimal equivalents that follows will be useful in 
changing common fractions to decimals. 


17/64 
9/32 
19/64 
5/16 
21/64 
11/32 
23/64, 
3/8 
25/64. 
13/32 
27/6 
7/16 
29/ 5% 
15/32 
31/64 
1/2 


E 


хэ 
1 


c. 


— ہے کت‎ ON 
„2312 
5h69 
5625 
5761 
‚2937 
„6095 
„625 
„6106 
«6562 
„6719 
‚6875 
‚7031 


0057 .185 


ЕС 
25/32 


51/64 


13/16 


53/64 
27/32 
55/64 
7/8 

57/64 
29/32 
59/64 
15/16 
61/64 
31/32 


63/64 


کک Lad eA ee‏ هت uc s ans‏ اٹہ 


INSPECTION CLEAN-UP MARKS. 


1. 


То knock down high heade. 


XII. MISCELL 


To remove rivet. 


ام 


To mill head of сопвек 
sunk rivet (3/16" diameter 
and under only). 


3/16" 


To indicate open head boli سس‎ 


“ог nut. 


To indicate short bolt. „> 


To indicate an open skin lap 
or gap, between forging or | 
skin or other similar item. 


To clear or trim metal edge, 


С; 


To indicate chips between | 
sheets. 


10., To indicate part riding” 
/  vadiua. 


NECUS INFORMATION 
(Copied from General Manual for Inspection). 


The паа таа below are ae To made with reasonable dimenetons as 


Line extends from rivet head 


and is circled on end. 


Line extends from rivet head and 
letter "Н" is formed on end. 
17 ST-A(Herà) rivets shall be 


removed when high. All other 


Yivets may be knoskéd down; how- 
ever, lTST-D (ice-box) rivets, 

во knocked down, will be subject: 
to severe scrutiny by Inspection. 


Line extends from rivet head. 


or cross where 


Р1806-1- or cros 
rivet is to be added. NOTE 


Check both sides of material for 
“ейде distance and indicate size 


of rivet to be added. 


Put line around the circumfer- 
ence of the head of bolt or nut 
where open and draw line to її, 


line extends from bolt and has 
letter "S" at end of the line. 


руну line سو‎ oper es 


Place line along edge to be 
9 . 


Line extends along seam where 
chips are visible and erect per- 
pendicular to seam line, р1ас+ 
ing letter "C' at end of line 
perpendicular to sean. 


Serie as above except letter "R" 
+в used in place of letter "C". 


NOTE: Lanes (excepting those drawn along open seams, etc.) should not exceed 
one and one-half inches in length, approximately. 


416 = 


E 
| 
| 
x 
| 
| 


о ie ساس ےت‎ 


— О و‎ син 


— ——— сэт — € 


B. CVAC RIVET INFORMATION. 


Note: Use of all information on these two pages subject to approval of 
Supervision in your department. 


l. Always use the proper set and bucking bar. 

2, Keep gun end bucking bar at right angles to work. 

3. Keep buokirig bar away from all radius bends. 

Use ice box rivets within 10 minutes after removing from box.‏ ہلا 
Always use & sharp drill.‏ .5 

6. Always use drill stops when practical. 

T. Do not elongate holes. 

8. Keep bar off of adjoining parts. 

9. Тоок on reverse side before drilling through а part. 
10. All edges of bucking bars must be rounded. 
11. When countersinking, check every 5th hole. 
19. Before removing rivets &sk your supervisor to demonstrate proper 

method. 

13, Never cover up a mistake. 
14. When you finish а job, contact your supervisor. 


RIVET BLUEPRINT SYMBOLS 


3/32" Explosive 


Spot Weld 


$ = Hi-Sheer when вуш- 
tol for diameter and 


| number for indicating 
4 grip length in 16%һә 


3/16" Ы is shown. 


Countersink Near Side 


1 А" 


T 5/16" F | Countersink Both Sides 
| N 


3/8" | | 
Countersink Far Side 


AN430 Round Head 


А456 or Q4305 
Modified Brazier 


1 
۱ L| Head 
а 5 ў 
8 


АМЬ? Flat Head 


AN426 1009 Flat 
Countersunk Head -77- 


RIVET HOLES 


76166 o | 
Color | 


| Rivet Diameter 


نگ —- mu‏ ——- == سے 


| 
тата کے‎ j 
Silver | 
Copper | 
Black 


| 
| 
N 


APPROXIMATE BUCKED HEAD SIZES_ 


m. PREMIERE О. занае. ۹ meena 


Bucked Head - Ë shank diameter high and 13 shank diameter 
wide. 


——— ri а 


а 


Height of Head 
3/64 
1/16 
5/64 
3/32 


! Rage distance usually twice rivet diameter. | 


Diameter of Head 
9/64 


RIVET IDENTIFICATION 


Alloy Type __ 
comi, AN Head Identification 


Greenish ! 
| Yellow 


` Std. Sizes 


| #Heat treated and aged to full hard condition. 


š š Эр 


BH « Brazier Head FH - Flat Head CSK - Countersunk 


(All the above information on rivets is printed оп a convenient pocket-size 
card that can be secured. from Education Section upon request.) 


x 78 - 


Decimal | Size 
Equiva- 


dente . 


„2610 ` 83 
‚2570 25 
«2500 | 25 
„2460 26 
„2420 27 _ 
‚2380 9/64 
234 | 28 
2340 29 


` .2280 30 


„2010: 1/8 
‚2187 ‚ 34 
„2130 2-32 
.2055 34 
. 2040 2032. 
„2031 7/ 6h 
„2010 36. 
1990 37 
‚1960 38 
„1935 | 39 
.1910 ho 
‚1890 41 
‚1875 3/32 
21850 | 12 
.1820 43 
.1800 ИП 
‚ 1770 . №5 
„1730 16 
‚1719 47 
„1695 5/64 
„1660 58 
‚1610 19 
1590 | 20 
1510 | 51 
‚1562 52 


- 19 - 


Decimal 


Equiva- 


lentis 


„1520 
2495 
«1470 
„10 
2306 
.1005 
„2285 
.1250 
.1200 
41160 
.1130 
‚1140 
„1100 
22094 
1065 


E 


Size 


Decimal | 
‚ انیت‎ 
‘Tents | 


0625 | 


«0595 
+0550. 1 
„0520 


«0469 | 
„0565. | 


.0430 


.0820 | 


.0510 


.ohoo | 


.0390 
«0380 
.0370 
.0360 
.0350 
‚0330. 
.0320 | 
.0313 ` 
.0310 
.0292 
‚0280 | 
. 0260 
„0250 
„0250 | 
.0225 | 
„0210; 
.0200. | 
„0180. 
0160 | 
.0156 ; 
| 
| 
} 


.0145 ` 


‚0135 | 


THE FINISH 5 SPECIFICATION nucbor für th 


XIII. NEW 72 


Tt should be noted оц blueprints of new 
drawings that: the drawing foris ond somo: 
of the drafting, procedures aro. di?fcorent 
from those on thé wajority of охља ал 
blue»rints, This manual exylaine both 
вуафецв, tho present identifled ‘ca the 
"new" ала she procoding identified 85 
the "ola", 


THE DRAWING NUMBER, the sheet 0112 and 
the drawing snout jeu sizo азбас Та tho low. Ë 
er right hand corner of tro Title Block 
ہی سس وی‎ 
` прев ја“ , 
rat = 


particuler uodel or 310128ص‎ inyelvod 2 
noted in the: apecu provided in the 13 tio 
Block as follows: 


OLD. 


This company anocii ication ۳ Яп 

detail she methods of protective tinish- 
ing both ара and 889228 and 33850 
the applic 
cations. 


THE HEAT TREAT renee and svecificetiion of 
steel parta охе noted іп thc тёпеге), 


noten or in the apace provided in tho 


‘Title Bleck оп new dreving8. 
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MASUFACIUAIN 
Pitje Block zd ohom in the following 


DEFORMATION 
(Effoctive on Нет Drewincs Sept. 1949) 


G TOLERANCES ere noted in tha 


sketches. Tolerance is the greatest per- 


(918037916 veriation or difference in the 


84:26 of à part. Jt 18 the difference be- 
twoen tho plus limit and the minus Linit. 


aad мак. ul и 


MANUFACTURING | 


Шэн вода 
| Angle. - | 
Fractions | Марна 
Hundrodths - + 3 _ 
Thousanéths - ۵ 


== زا‎ АСЕ Зат ۸۷5 : Уз 
OLD ami FRAC ۵ АЫ. 
2 зет 
"Hui OBS "88ل 92ء‎ 


It skoulá be noted that two place decimal 
депа опа hava two пасе decimal toler- 
anges ond threes place decimal dimensions 
have threé білсе decimal tolerances. 
Specinl tolerances, cther than those shown 
in the Title Block cre placed on the face. 
of ths drawing along with the dimensions 
to зек the; apply. 


MACELTE 2 FINISHES are noted in the Title 
ы 28 fellowes 


RIT. ACHE aD St 
ازع‎ - Ref NAS 3 


ки 
7 


وت وی 
File or‏ 


|ЕТИТЕТ = Grind 


RIVED SYMBOLS on now drawings ore. as 
follows: | _ 

! | RIVET SYMBOLS | 
xl ZA. ре 1 .. 77 DIAMETER 


MATERIAL CODE 
Е" ۳ -25 AD-AlTS:D-Y18. 
A-LISTA:DD- aus: ہے‎ 
4 | 268. 
Гато \ у | coti fERSINK 
r5 


—À 5 
INSTALL ALL RIVETS IN ACCORD 
WITH EZM- 086 


чл:‏ ا 


| 
0 
Г 


OSTNE HI-SHEAR each part. When tho drawing consists of‏ سای 


INDICATES DIA more than one ghost, the В/М will appoar 
x 1 IN 32 IDS on the first sheet. 


ын THE PART NUMBER COLUMN Међа the drawing 
LE INDICATES. numbors of all separately’ drawn parts, 
unm IN 16THS purchased and standard oe G.F D, otc. 


FLAT HD HI-SHEAR Sce following | 


The note to inatall &ll rivets in 
accordance with FZM-086 mbane that 
rivet odge distance and other instell- 
ation data covored by FZN-086 are not 
apecified on the dyowing. 


PURCHASED PARTS and yo "materials not 
covered by govornmont or society specifi- 
cations are assigned’ Convair stock numbers. 
This nutiber system 18 arranged as follows: 


Soo nyubola on Page 31 in existing 
B/P Manual, 


RIVET IDENTIFICATION 


NU 175 


Nümber assigned by Convair 
to the purchased part or 
raw material in question. 
соде dosignation, assigned by | 
Convair, indicating names of 

part ОЁ Material (in this case 

NU indicates "NUT")(Non- 
Standard). 

Identifies the part or material ав 
Commercial | 


СҮАС stock numbers will not be ET 
sto AN, USAF, RAF, NAS, Q, or any other 
standard parts. 


"SE BIE 


THE REQUIREMENTS PER ATRPLANE BLOCK 


Tists those parts which next 48828 


‘Purchased parts ara identified on draw- 
| by the ی‎ wey в 4. number. 


onto other drawings. Also shown are 
the ACA affective о, tho number of г 


Беор سس‎ 18 listoà in دہ سوت‎ in 
~ the "Stock Size" colum. 


J o-5) STANDARD PARTS (am, USAE, NAP, NAS, Q) 
gom! ee ага Bpocifiod on drawings by the number 
УА јава in the Standard Parts Books. If 


HX = — ظز‎ Те а štandard part is altered in any manner, 
THE BILL OF MATERIAL, lists gn of the it will bo assigned a Convair part number. 


parte called for on the drawing to- 
gether with tho quantity per eagsombly, 
name, stock size, material, material 
Spócificüticon and zone location for 


• 80 - 


THE DASH NUMBER COLUMN lists all of the 
‘dash numbers detailed on the drawing. 

Left and right hend parts do not neces 
sarily mean that one part assembles on 


the left hand side of the airplane and the 


other on the right hand өзде. Left and 


right hand parts are mirror images of each 


other (exact reverse) and may be used. 
on-the same side of the airplane. Draw- 


ingsusually show only the left hand par t 
with the notation that the right hand part 


ta ppposite. 


On new drawings the left hand part is al- 
ways an odd dash number and the right. 
hand part is the next ‘consecutive even 
number. If parts are neither left nor 
right they are always &s8igned odd дави 
numbers. These parts Bre called out in, 
the B/M as follows: 


DASH NU. nn 


Left and right hand parte on old drawings 
may be odd or even numbers but are designa- 
ted ав L апа R. Exemple -6L, -6R. 


ТЕЕ REQUIREMENTS PER ASSEMBLY COLUMN shows 


the quantity of each of the par hown 
in the B/M necessary to make adim com- 
plete assemblies or installations listed 
at the bottom of the column. Standard 
rivets are indicated by a dash only. See 
Tou eine 7 


ДТ ЕТ Ыы А 


| PARTY 
Е RNENTS TER 65У. 


---- — س ا‎ Е 
TEE PART NAME COLUMN lists the name of 


THE STOCK SIZE COLUMN contains the ap- 
proximate dimensions of the material 
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‘ernment: 


needed to make each of dash numbered 
parts detailed. in the drawing This 
column also liste the "Y", К" and "FM" 
standard sections and their length For 
81208 of these sections refer to the Stan- 
dards Books and applicable ЕХМ drawings. 
Dimensions other than the standard atock 
sizes aro given to the nearest 1/10 on 
or over the exact size оп new drawings 
and to the nearest 1/8 on old drawings. 
See following example: 


Srock SIZE 


THE MATERIAL COLUMN lists the name of the 
material used in making the dash numbered 
parts detailed on the drawing. 

See following example : 


24115 STAL CLAD] 


MATERIAL 


THE SPECIFICATION COLUMN lists the gov- 

, Bociety or CVAC specification 
for the materials listed in the "Material" 
column. See following example: 


12۸1-2۸-6 


THE ZONE AND SHEET COLUMNS оп lerge or 
complex drawings list the zone locations 
and the sheet numbers of the parts shown 
in the вм. Old drawings do not have 
the sheet number listed. New drawings 
аге ав followa: 


is located the ‘drawing se and Веб 
latest change letter applicable to that 
particular sheet, See following exemplo: 


| ЕТІЛ кк 
| SHEET 1 „© 2 [A | 
| 


У — s 


THE GENERAL NOTES are on diportont part 
of the drawing snd should bo read before 
making any parte or performing any onera- 
tions called for on tho drawing. 0 
notcB رہ‎ contain dimensions, miteriols, 
informátion on hoat treating, riveting, 
atc. бойо examples of these notos are 
ав follows: 
од COMMERCIAL PART 
l. VAN GENERAL ELECTRIC COMPANY 
SCHENECTADY, N.Y. 
3.BEND AND RELIEF RADII .16 
2.ALL RIVETS TO ВЕ AN TORDS 
1.36A4000-1 SHOWN 
-2 OPPOSITE 
UNLESS OTHERWISE SPECIFIED 


NOTES: 


UNDIMENSIONED DRAWINGS ere drawings which 
area 1814 out full size on glass. cloth or 
metal. In. general dimensions orc not. 
shown except whord tolerancos must, be 
held to less thon 1/32, Full size metal 
reproductions ere mudo from these Arai- 
ings to fabricate tools. Blucprints of 


metal drawings are reproduced half size 


and blueprints of glass clcth 1_ drawings 
ore full sizc. Bluoprints of this type 
of drawing are identified by tho 10" grid 
which is superimpoacd on the drawings. 


from the motel reproductions gtored in 
the Template Department . 


METHODS OF MAKING DRAWING CHANGES 


THE DRAWING CHANGE REQUEST (D.C.R.) 188 
method. of recording ’ minor ‘tteme which must 
be changed on & drawing at the tiue of 
the next drawing change. ‘Those 6 


· are not issued to the Shop, however, in 


some.instances copies Axo sent to the. 
Materials and Tool Planning Departments, 


THE ENGINEDRING ORDER (E.0.) is a change 
ојесо of paper written only when neces- 
sary to affect energency changes to pre- 
vont hold-üp work in the Shoo. Е, 013 
dro attached to the actual blueprints in 
&ll departments, and become an integral 
part of the drawing, These R.O. la are 
eventually incorporated on the drawings 
against, which they are written. 


ев ее of ۲ прав 
directly On the drawing giving informa- 
tion iiv addition to that shown in the 
Alteration Block of the dtawing. Each 
time а дхемі is changed 16 is ۵ 
the next consecutive change. letter and. 
the 180085 D.C №,’ ie rinte ав nn inte- 
gral part of the blueprint of sheet 1 of 
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THE VENDOR INFORMATION REQUEST (V, LR. ) is 
& form used by Vendor's of Convair parte 

| to request chengos or deviations or 

4v ürawlngs. Tho answer to a V.I.R. 18 

| noted on the V.I.R. form and gorvoB 58 
change paper until the change requested 
on tno V Т.В із incorporated on the 

| drawing. 
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ABBREVIATIONS RECOMMENDED FOR B/P READING MANUAL 
NOTE: Periods aro to be used only where shown 


Alternating Current 
Aeronautical 
Aileron. 

Aluminum 
Approximate (iy) 

۵ هط 

Агшу - Navy 
Auxiliary | 


Bulkhead 

Bracket 

Buttock line. 
Bill.of Material 
Brass. 


Carburetor 
Counterbore 
Genter to Center 
Center Drill 
Center of Gravity 
Chanfor 
Circumforonce 
Center Line 


. Сощраду 


Commercial 
Cowling 
Countersink (sunk) 
Casting 

Cubic 


Direct Current 
Drawing Change Notice 
Draving Change Request 
Distance From Nose 
Diameter 

Diagonal 

Dimenaion 

Down 

Drawing Room Manual 


Drawing (a) 


Each 
Electric (a1) 
Elevator 


Emergency 


Enclosure 


ENG 
Е.О, 


Е.0.Р. 
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Engine 
Enginooring Order 
End of Part 
Equipmont 
Equivalent 
External. or 


Extinguishor 
Extrusion 


Fairing 


Fillister Head 


Flexiblo ` 

Frequency (iem) 
Furnishing (es, ed, inga) 
Fuselage 

Forward 


Gage or Gauge 

Gonorator 

Government: Furnished Property 
Govornmont 


Hard 

Нсай 

Hardon 

Hexagon, (al) 
Hexagonal Head. 
High-frequency 
Horizontal | 
Heat-troat (өй, ment) 
Hyáranlic 


Interchangeability Affected 
Insido Diametor 

Inch (ов) 

Inboard 

Inclusive 

Inspection 

Instrüment ` 

Installation 
Internal Pipe Thread 


Joint Arny 
Junction 
Тора с. 


Navy 


Pound (a) 
Leading Edge 
Landing: Gear 
Left Hand 


ES 


- 


Longeron 
Left-Hand Thread 


Magnaflux 
Machine (d, ing) 
Magnesium 
Material 
Maximum 


Mechanism 
Medium 


Manufacture (r) 
Minimum, minute 
‘Miscellaneous 


Mold Line 


Molybdenum 
Miles Per Hour 


Mount 


Mounting 


Nacelle | 
Naval Aircraft Factory 


National Aircraft Standards = 


National Coarse 


National Extra Fine 


National Fine | 
National Taper Pipe Thread 


Negative 
Number (s) 
Nuuber Required 


Cutside Diameter 
Opening. 

Сроов е 
Cutboard 

Oxygen 


Pate nt 


Pattern 

Pounds: per Cubic Foot 
Pitch Dismeter 
Permanent 
Perpendicular 

Flate (d) 

Pneumatic 

Positive 

Pressurs 

Propeller 


Pounds Per Square Foot 


Pounds Per Square Inch 
Pyrotechnics. 


Quadrant: 
Quantity 


Right 
Radius 
Round Head 
Received 


| 

| 7 | 
Receptacle | 
| 


Refer (ence) (в) 
Reinforce (d, ing, ment) | 
Removable | | 


Require (d, ment) 

Right -Hand 

Root Mean Square 

Revolutions Per Minute. 
Rudder | 


Society of Automotive Engineers 


Section 
Segment 


Selector 
Separate 
Shown 
Sheet 


€pecific ation 
Spherical 


Special 
Square 
Square Head 
Station 
Stabilizer 


Stationary 
Standard 
Stiffener 


Structure (al) 


Support (ing) 
Supercharge (à) (r) 
Surface 


Symmetrical 
System 


Tangent 


Trailing Edge 


Temperature 


Terminal 
Thread 
Tolerance 
Transformer 


Turret | 
Temporary Variation Authoriza- 


tion 


Universal 
United States Air Force | 
Ultimate Tensile Strength 


Vel ocity 


Vacuum 
Vandyke 


Ventilator (ing, ion) 


Vertical 
Yolume 


Waterline 
Weight 
ZEE 
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CONSOLIDATED VULTEE AIRCRAFT CORP. 
San Diego, California 


WROUGHT ALUMINUM ALLOYS 


Pure aluminum possesses many desirabie characteristics... light weight, 
pleasing appearance, good malieability and formability, high electrical 
and thermai conductivity and excellent resistance to corrosive attack 

by industrial and marine atmospheres as well as by many chemicals and foo! 
products. In addition, 1% is non-magnetic апа non-sparking, has supero 
reflectivity for light of' all wave lengths and radiant heat; and pro- 
duces colorless and non-toxic compounds. 


Aluminum ean be strengthened and hardened by (1) addition of other metals 
to form alloys; (2) heat treatment of some types of alloys; (3) strain 
hardening by cold work. 


Some aluminum alloys were developed for cast products (sand castings, 
permanent mold castings, die castings, and centrifugal castings); others 
for wrought products (sheet, plate, wire, rod, bar, shapes, tubing, pipe. 
forgings, and forging stock). 


Wrought Alloy. Nomenclature: Principal alloying element is incorporated 
into the nomenelature, thuss 


Alioy Numeral Range Chief Alloying Element 
99.5 Higr-purity aluminum 
28 Commercially pure aluminum 
15-98 Manganese 
108-295 Copper 
3108-1498 Silicon 
505-695 Magnesium 
705-795 Zinc 
R301, R317 Copper 


Note: Suffix "5" indicates a wrought alloy, except the R300 series 
(Reynolds) which are all wrought alloys. 


Silicon, iron, copper, manganese, magnesium, chronium, nickel, and zinc 
are the most common elements used in commercial aluminum alloys. боше 
high strength alloys may contain as many as six intentionally added 
elements in addition to those present in controlled amounts as ішригії. с. 


Nominal chemical compositions for various wrought alloys are given in 


ASTM Designations for Alloys of Aluminum consist of not more than twa 
letters representing the alloying elements specified in the greatest 
amount, arranged in order of decreasing percentages or in alphabetica. 
order if of equal percentages, followed.by the respective percentages 
rounded off to whole numbers, and a final letter arbitarily assigned ×× 
alphabetical crder to differentiate alloys which otherwise result in 
identical designations. The full name of the buse metal precedes the 
designation, but it is omitted for brevity when the base metal being Ға 
referred to is obvious; 


` 


The letters used to represent alloying elements are as follows: 


A = Aluminum J ~ Phosphorous R - Chromium 
B = Bismuth . K ~ Zirconium 5 = Silicon 
С « Copper L = Веру ма T ~ Tin 

P = Cadmium M - Manganese У ~ Arsenic 
E ~ Cerium N = Nickel W е Sulfur 

F = Tron P „ Lead Y = Antimony 
С ~ Magnesium Q = Silver 2 ~ Zine 


minimum purity, all digits retained but dropping the decimal point, 
followed by a letter arbitrarily assigned in alphabetical order to 
differentiate metals of the same purity but having different impurity 
requirements. The full name of the base metal precedes the designation, 
цэ 18 omitted for brevity when the base metal being referred to is 
obvious. 


ASTM Designations for Unalioyed Aluminum consist of the specified 


Ron-Heat-Treatable Alloys: Тһе "common" or "non-heat.treatable" alloys 
contain elements that remain substantially in solid solution or form 
constituents that are insoluble. This group includes the high-purity 
alloys (99.75%, 99.5%, foil, reflector sheet) and the alloys 28, 38, 
528, and 565, 


Strength of these alloys depends on the amount of cold work introduced 
after the last annealing operation. Properties so obtained are destroyed 
by subsequent heating and cannot be restored except by additional cold 
work. Six tempers are Supplied, ranging trom the soft or annealed 

temper designated by the symbol "О". to the extra-hard temper designated 
as "H19" in 25 and 35, and "H39" in 525 alloy. Іп addition, there is tri 
“as fabricated" or "P" temoer, The “Ен temper is produced by a variable 
amount of strain-hardening; usually heavy sections are almost in the 
annealed temper, while thin sections may have properties approximating 
those of the "H12" temper. If definite mechanical propertíes are required, 
the "F" temper should not be specified. Commodities in the "as fabricate: 
condition show reasonable uniformity of properties, but these properties 


` are not guaranteed. 


Нес -Тгеа ае Alloys (or "strong" alloys) contain elements, groups of 


elements, ОВ constituents that have considerable solid solubility at 
elevated temperatures and limited solubility at lower temperatures. 1л 
this group are the high copper-bearing alloys 8301, 118, 155, 178, R317, 
285, and 258; the magnesium silicide type alloys 4515, 538 and 615; and 
the high zinc-bearing alloy 758, 


Strength of these alloys is increased primarily by heat treatments. Tue 
complete process consists of two partss First, a high temperature зо- 
lution heat treatment followed by a drastic quench in a cooling medium; 
and second, a precipitation of aging treatment at room or slightiv 
elevated temperatures. 


Annealing: Many fabricating procedures require an anneal to remove the 
effects of plastic deformation or to soften solution heat-treated and 


— d 


aged material. This is done by heating to the temperature shown in 
Table 19, holding for the amount cf time specified to insure that all 
parts of the load have attained this temperature, and cooling in stiil 
air. Furnace equipment should be capable holding the load at plus or 
minus l0? F of the desired temperature. | 


Solution Heat Treatment: The heat-treatable alloys (115, 148, 175, 
А175, 185, 24S, Pure Clad 245, 258, 328, 4515, 638, Hard Clad R301, 
R317, and 618) contain elements, groups of elements or constituents 


that have considerable solid solubility at elevated temperatures and 
restricted solid solubility at lover temperatures, To put the 5011018 
constituents into solution and to prevent ог retard treir immediate 
re-precipitation is known as solution heat treatment. 1% consists of 
two steps-putting the soluble elements into solution by raising tre 
temperature and then rapid quenching. 


Aging or Precipitation Hardening; Maximum strength of heat. treatable 


alloys is not obtained by solution heat treatment and quenching alone 


but by combining with a subsequent precipitation or aging treatment. 
During this latter operation, precipitation of the soluble constituents 
from the supersaturated solid solution takes place. As precipitation 
progresses, the strength of the material increases until a maximum is 
reached. Further aging (overaging) causes the strength to ۵ until 
a fairly stable condition is reached. 


In 178, R317, and 285 alloys, the alloying constituents precipitate from 
the supersaturated solution at room temperature, without further heat 
treatment, after a certain length of time, normally considered to be 
practically complete after h days, called "natural aging". ther alloys 
such as 115, 196, 188, 255, 328, A518, 618, 758, R301 require years to 
complete precipitation at room temperature. To accelerate precipitation, 
these alloys are heated to an elevated temperature, as shown in Table 18 
and held there for a specified length of time, called "artificial" 

aging. 


Choice of Alloy for a particular product depends upon the qualitles re- 
quired in the material. The determining factor may be maximum mechanical 
properties; resistance to corrosion; ease of machining, welding, or 
forming; a minimum cost of material; or some other factor. Gee Table 
Index, page 35 for data on characteristics and properties of various | 
alloys and tempers. 


All the common methods of fabricating metals can be applied to aluminum 
alloys, Aluminum parts can be joined by use of rivets, Screws, clips, 
and other mechanical fasteners; they can be brazed, soidered, and joined 
by adhesives as well as welded by oxy-acetylene or oxy-hydrogen toreh; 
metallic or carbon аге; and the spot, seam, or llashebutt resistance 
methods. 


Both wrought and cast aluminum alloys are readily machined--at higher 
speeds than are possible with most other metals. 


All the usual fínishes--paint, enamel, lacquer, and piating--are applied 
to aluminum. Mechanical finishes such as sand blasted, hammered, зегаљст 


brushed, and plished finishes are also used for decorative effects. 
Moreover, chemical and electrochemical finishes are used to enhance 
appearance, increase resistance to wear and corrosion. In most cases 

the same equipment that is used in processing other materials, сап be 
used for fabricating aluminum. However, the differences that characterize 
aluminum must be taken into consideration for best results. 


Commodities produged in the wrought aluminum alloys, by Reynolds, are 
listed in Availability Tables 105-108. 


WROUGHT ALUMINUM MILL PRODUCTS 


Architectural Shapes; These special extruded products for various 
building applications include the following itens; thresholds; window 
frames, muntins, mullions, stops, 51115: store fronts; handrail spindles. 
newels; jamps; trim; moldings of mahy types including moldings for 
escalator balustrades, elevator entrances and cabs, lighting fixtures, 
directory frames and miscellaneous hardware items.  Obter shapes include 
spandrels, pilasters, cornices, coping and gravel stops, lamp posts, 

and flagpoles. 


Bar is a solid section other than round--such as a square, hexagon, 
octagon, or rectangle--having greatest dimension 3/6" or over. 


Brazing Sheet is an aluminum alloy clad with а high silicon layer whick 
melts at a lower temperature than the core. Thus, assemblies of parts 
made from this material сап he placed in a furnace at а temperaturs 
which melts the cladding to producte fused jointe. 


Coiled Sheet is sheet which is furnished in the form of coils slit to 
a range cf convenient widths. 


Drawn Tubing 8 Pipe: When closer tolerances are desired, extruded 
tubing and pipe are drawn to final size. These products are known as 
drawn tubing and pipe, 


Electrical Metallic Tubing: Reynolds Aluminum Electrical Metallic 
Tubing (fhin-WallConduit) is approved by Underwriters’ Laboratories, Inc 
for all Electrical Trade Sizes.  Ten-foot lengths only are supplied. 

If other lengths are required, зрее Гу Drawn Tubing instead of Electrica: 
Metallic Tubing. Each end will be reamed to remove sharp edges and 
burrs » 


Embossed Sheet is formed by passing a sheet through a pair of matched 
roller dies. The enhanced appearance and additional stiffness of this 
product is worth many times the very nominal increase in cost. 


Extruded Bar is a solid section other than round--such as square, hexagon. 
octagon, or reetangle--having greatest dimension 3/8" or over. 


Extruded Rod is a, solid round section 3/8" or over in diameter producec 
by the extrusion process. 


«a marc Ра Да 


Extruded Shapes are any shapes produced by the extrusion process that 
are not classified as wire, rod, bar, or tubing. 


Extruded Structural Shapes are standard structurals produced by the 
extrusion process. 


Extruded Tubing and Pipe: Extruded tubing is generally limited on 
inside diameter to 1 inch minimum and a maximum outside diameter of 
124 inches. Extruded aluminum pipe may be obtained in iron pipe sizes 
from 1 to 10 inches. | 


Flat Sheet is furnished in flat lengths and is usually sheared to width 
although if closer tolerances are required, it may be slit to width, 
It may be stretcher leveled or roller leveled, 


Forging Stock is available ina variety of forms to fulfili the diversified 
requirements of forgings manufacturers, Two classes of alumirnm alloy 
forging bar and rod are produced. Class 1 is hot finished in most cases 
and is satisfactory for general forging use. Class 2 is соја finished 

to closer tolerances and is used for applications requiring elose volume 
control. Forging shapes are produced only in Class 1. 


Hod, bar, or shapes used for forging are rarely supplied in either the 
annealed or heat-treated condition, and should always be identified as 
"Forging Stock" to avoid confusion with similar material used for other 
purposes, 


Forging Bar is forging stock of square or rectangular cross~section 
having a greatest distance across flats of 3/8" or over. 


Forging Rod is round forging stock having a diameter of 3/8" or over. 


Forging Shapes are forging stock having other than round, Square, or 
rectangular cross-section, 


Gas Line Tubing: Aluminum semi-rigid gas and oil Hne tubing, supplied 
by Reynolds, is suitable for carrying gas and oil in and to appliances 
of all types, including gas and oil Stoves, heaters, furnaces, and, the 
like. This flexible tubing is furnished in Mill Standard Sizes from an 
outside dlameter of 1/8" to 2 1/8", in wall thicknesses approved by 

the American Gas Association. Each bundle or coil of gas-line tubing 
will bear a tag showing the producer's name (Reynolds) and the listing 
symbol of the American Gas Association, 


Irrigation Pipe: Reynolds Rigit Irrigation Pipe 15 available in sizes 
from 2" through 8" in diameter. High strengths and special prices make 
this product not only highly successful in portable irrigation systems 
and in the field, but a very popular quantity produetion item, 
Non-Earing Stock is sheet specially processed to avoid production of 
"ears" upon forming or deep drawing. This 4s available in 38-0 only. 


Plate is a solid seetion having a thickness 0.250" or greater; having 
two parallel surfaces brought to final dimension by rolling; and having 
two longitudinal and two transverse edtes brought to final widths and 
length by shearing or sawing; furnished in flat lengths. 


Press Forgings are parts produced by & hot pressing method which is a 
variety of the more commonly known drop-forging process. Reynolds has 
some facilities for this work. Press forgings are subject to special. 
inquiry. Reynolds produces press forgings in sizes up thru 10 square 
inches eross-sectional area in the forging plane which can be contained 
in a die with faee dimensions of 7" by 16". Under certain conditions, 
much larger limits сап be accommodated. 


Reflector Sheet is manufactured for use as diffuse reflectors from 99.3% 
minimum purity aluminum. Specular reflectors are produced from clad 25 or 
38 aluminum sheet, with cladding of 99.75% minimum purity aluminum. 


Rigid Conduit: Rigid aluminum conduit is manufactured by Reynolds in 
conduit size from 1/4" to 6", Standard 10-foot lengths are furnished 
with both ends threaded, and with one end fitted with a coupling. 


Rod із а solid round section 3/8" or greater in diameter. 
ез are manufactured by heating billets to rolling 


temperature and putting them through a series оГ specially shaped rolls 
which produce the desired section or structural shape. 


Rolled Structural Shape 


Holl Formed Shapes are limited to those having г. uniform section thick- 
ness. Reynolds has facilities for roll forming thicknesses of .006" 

thru 125“ to produce sections having a depth as great аз hu The 
maximum section width is limited to those that can be formed from sheet 
not exceeding 38" in width. The minimum radius that can be formed 
depends on the alloy, temper, section thickness, and contour of the shape. 


Roofing Sheet is material designed for production cf corrugated or SV 
Crimp roofing, It is not suitable for more severe forming operations. 


Sheet is a solid section having a thickness 6006" to .249" inclusive, 
having two parallel surfaces brought to final dimension by rolling; 
having two longitudinal edges brought to final width by slitting cr 
shearing; and having two transverse edges brought to final length by 
shearing a 


Structural Shapes are intended primarily for structural work as load 
carrying members. They include such shapes as angles, crannels, H-beams, 
I-heams, Tees, and Zees. 


Utility Sheet 15 made from an alloy and temper which provides the best 
combination of strongth and other properties for general sheet metal 
work, It will take a Pittsburgh lock seam but is not recommended for 
deep drawing. 


{зо = 


Venetian Blind Stock is manufactured to meet the requirements of the 
Venetian Blind industry. 


Wire is а solid section--such as a round, square, hexagon, octagon, 
or rectangle--of less than 3/8" greatest dimension, 
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COURSE OUTLINE 


AIRCRAFT ELECTRICAL BLUEPRINT READING 


The purpose of this course 1s to provids the information re- 
quired to use blueprints for the purpose of manufacturing 
aircraft production parts, assemblies, and installations, and 
making necessary electrical circuitry tests or operations. 

The duration of the course wlll be 30 hours in 2 hour sessions. 
The objectives of the course will be to develop the ability 

to recognize the size, shape and location of parts, and the 
materials from which they are made; to understand drawings for 
Standard parts; the use of Specifications: the use of electrical 
harness prints, installation prints and schematic wiring dia- 


Grams necessary for proper installation, test and operation 


of aircraft electrical systems. 


I. 


II. 


III, 


BLUSPRINP READING COURSE OUTLINE 


Introduction 


A. Тһе use and need for blueprints 
1. Convey Engineering requirements 
2. How used by shop, inspection, production control, 
purchasing, service 


$. Tracing 
2. Reproduction 
г, Blue line prints 
bo White line prints 
с. Van Dyke reproduction 
d. Ditto reproduction 


B. How blueprints are made A 
Pa se 


C. Nomenclature - parts of airplane 
l. Major components 
2. Common terms 


Basic projections 


А. Deseription and illustration 
1. Perspective projection (“к 
2- Ізошебгіс projection 
3. Orthographie projection 


B. Visualization of orthographic projections 
l. Views of wood blocks 
г. Orthographic views made from isometric drawings 
Зе Show “Behind the Shop Drawing" 


Lines used in orthographic projections 
А. Deserlibe and illustrata 


l. Objeet Lines 
2. Hidden lines 
В: 2. 

ә Extension lines | 
5. Dimension lines ЇГС 
6. Phantom lines | 
7. Broken lines 
B. Border lines 
9. Section lines 


В. Review orthographic projection 


C. Sheet metal drawings 


IV. 
ч 
V. 
YT. 
VII. 
е 
VIII, 


А 
ñ 


Dimensioning 
А, Methods cf showing 2 
B. Computing missing dimensions y 
C. Why drawings cannot be scaled — 
D, Limits and tolerances 7 
l. 8 : 
2. How shown 
За How to calculate minimum and maximum Limits 
E. Reference Lines T d 
1, Fuselage station lines 
г, Buttock lines 
je Water lines 
à, Wing station lines 
و5‎ Chord lines 
Symbols 
A. Mechanical и“ 
B, Electrical и” 


Written test 


Types of aircraft drawings 


А» 
B. 


Detail ~ Mechanical vs Electrical 
Assembly - Mechanical vs Electrícal 


installation = Mechanical vs Electrical 


Tabular ~ Hechanical vs Electrical | 
Isometric - Mechanical & Electrical (for installation 


purposes) 


Title Block 


Drawing number 
Drawing name 
Drawing size 
Scale 

Finish 


1, General 
2 6 Ма ching 


3. Surface treatment of materials for bonds etc. 


о. =» 


IX. 


X, 


ХІ. 


ХІІ. 


ХІІІ, 


Р. 


ze 


Heat troatment 
1. Requirements 


Bill of Material 


Ae 


Conponents 

1. Part number 

2, Part name 

Ч Stock size 
ә Material 


5. Specification 
6. Calculated weight 
45 Zone location 

o Quantity 
Sub-assemblies 
Assemblies 
Installations 


L.H. and R.H. parts 
Standard parts 


Requirements Block 


Ао 
В. 
С. 


Quantity 
Modol 


Next assenbly 


Alteration Block 


А. Interpretation of information 
l. Drawing changes 
2. Effect on blueprint 

B. Airplane chsnge analysis 

С. Major change request 

D, Engineering orders 

E. Temporary variation authorizations 

Notes 

A. General 

B, Other 

Abbreviations 


Circult 


А. Ringeout 

B. Operation cheek 
Interpretation of drawings 
Final vritton test 


Review 
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CONSOLIDATED VULTEE AIRCRAFT CORFORATION 
Sen Diego Division 


AIRCRAPT TERMS AND NOMENCLATURE 


AFRODYNAMICS - The branch of dynamics 
viet treats cf the motion in air and 
gaseous fluids and of the forces 
acting on solids in motion relative 
to zueh fluids. 


AFT . Back or toward the rear. 


AGE HARDENING OF ALUMINUM ALLOYS - 
After heat treoting and quenching, 
they become harder in time through a 
gradual physical change. The time 
varies with the alloy; it is retarded 
by keeping the alloy in an ice box, 


AILERCN ~ Movable portion of wing 
used to bank the airplane. On back 
edge of wing near the tip. 


AIR SCCOP ~ Punnel-shaped opening in 
wing or fuselage to catch the air and 
force it into а cooling system OF әді 


mr" T — 


ventilating system, 


reaction from the air through which 
it moves, 


AIRFOIL SECTICEY - A cross-section of 
еп airfoil, parallel to the plane 
of symmetry or to а specified refer- 
ence plane, 


МОМА ~ Aluminum alloy with а thin 
costing (about 5 рог cent of thickness 
on each side) cf pure aluminum to 
prevent corrosion, Usually applied 
to shsets and wire only. Registered 
trade mark of the AJuuinum Company 

of Eserict, 


ALLOY - А solid solution composed of 
two or more metals ше ей together. 


ANGLE SECTION - Part having two 
flanges or legs usually at right 
angles to each other. 


. МАРК neveu 


ANNEALING - Heating of ап azloy 
in the solid state te a high 
temperature and allowing it to 
cool Slowly to soften it, 


ANCDIC TREATMENT - Artificial 
oxidation of the surface of 
aluminum alloys to make а protec- 
tive coating. Done by passing 

en electric current through the 


part while submerged in a chemical 


Solution, 


ASSEMBLY DRAWING - Drawing that 
Shows two or more parts fastened 
Торе ет to forn a unit, Usually 
gives only dimensicns and notes 
needed to fit the parts together, 


` LEIS OF SYMMETRY - Line on a 


drawing to indicate that the por- 
tion on ore side of tho line is a 
` ” up Hp ہیں‎ : Er тетот aat "gg 

mirror imago of that on the oth: 


Side, 


ВАЗЕ LINE - Horizontal line on 
the drawing from which measure- 
ments ere taken to lay out a 
curve, 


BAY (BODY FARTS) - Portion of 
fuselegs between edjacent bulk- 
heads of frame positions, 


BEAD « f trough-like portion 
formed in a flat sheet metal part 
te stiffen it. 


BELM ~ А rigid body designed ود‎ 
transnit traneverse loads in’ 
shear and/or bending to its point 
oZ Support, 


SEND ZLLUOWLKCE = Amount of sheet 
metal required to make a bend 
ever а specific radius. The in- 
side radius is clweys used, 


5 
e 


————— OP —— 23: 


š че 


CENTER SECTION ~ 
fuselage to which the wings are attached, 
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BLANK (METAL PART) - Sheet metal part 
as it appears after being out oui of 
a flet sheet. 


BRAZING - Method of joining metals by 
use of copper, zinc, and tin, instead 
of solder; done at а high temperature. . 


BULB ANGLE - Angle section, ono leg 
or side having bulb-shaped edge. 


BULKHEANS ~ Closed frames, Sulkheads 
used in the construction of & float 
or hull may or may not be water tight. 


BUTT-JOINT - A joint in which the two 
edges are pleced end ‘to end. 


CAMBER - The rise in the curve of an 
airfoil section from its cherd, usually 
схргеввва as the ratio of the 40раг- 
ture of the curve from the chord to the 
length of the chord. "Upper Cember" 
refers to the upper ¢urfece oi sn air- 
foil апа "lower camber" “refers ‘to the 
lower surface; mean camber is the mean 
(average rise of upper ond lower cember) 


of the section. Camber is positive when 


the departure is upward, and negative 
when it is downward, 


CLP STRIP - Continuous uppor and lower 
edge of a sper. Usually an extrusion 
of machined section. 


The portion of the 


Usuelly г small section of the wing 

on each side is built integral with the 
fuselage. The outer pansis cre | 
attached to these stubs, 


CHANNEL SECTION - A structural section 
heving a U-shaped cross section. 


CHORD LINE ~ іл arbitrary дела lino 
fron which the oraina += $ of an airfoil 
section ere measured, It із usually 
the straight line tangent to the lower 
surface at Емо points, or thc straight 
line between the leading and treiling 


edges. (These cdgos may be dofiréd, 
for this purpose, аз tho two points 
in the scetion which cre farthest 
ораг. 


CLOSED ANGLE ~ in engle with less 
thon OCC between the legs. 


COLD WORKING (METAL) Working metal 


cold by hammering, rolling, ctc. 


COMFRESSICN = The result of two 
forces having the scio line of notion 
and acting toward ench other, 


CONTROL SURFACE - Any hinged, movable 
area used by а pilot to control the 
ship * 


CORROSION ~ The physical changes in 
a piece of metal or chemical reac- 
tion tending to weaken or eat away 
the metal or metals, 


COWLING ~ ЛА removable me tal covering 
which extends over and around the 
engine, ond souctimes over a portion 
of the fuscles? or nacelle св well, 


DIHEDRL.L - а wing design in which 
the wirg tips ere raised above the 
center scetion portions of s wing. 
Its effoct is іс lower tho С. С. of 
the wiliplance, 


DIMENSIONS ~ Де applied to these 
course: Cimensions ere tho measure- 
norte cr the means of conveying 
۶ھ“‎ 0 through the medium of 
drawing 


DRG - The resieting forces set up 
in en cirplsne or etrueture in flight 
tending to slow down forward speed, 


DRILL BISKING ~ Hardeneé steel tube 
in g jig to prevent enlergenent of 


hole whan used as б drilling guide. 


-- وت دس ee‏ 


Е, 


- зэв Өө р various shapes; such as Т, 


~ jm 


DRILL JIG = А contrivance that holds 
parts of 2 unit together while ос- 
есе Located holes с re driiled 
in the parts through piloi hoics in 
the jig itself, 


BLEVITICN ~ i drewing in which 8 view 
projected сп & plane perpendicular 

to the horizon is shown, j;e,, side 
сече ол, front elevation, reer 
dessin. 


ELEVATOR ~ А removable auxiliary air- 
foll, the functicn of which is to 
impress а pitching movement on the. 
aircraft, The l"elevetor" is usually 
hinged to the stabiliser. 


EMPENNAGE - Entire toil assembly of 
& ship, 


EXTRUSION - fluminum alloy sections 
L, and I beams, by forcing the semi 
molten metal through с c dio of the — 
desired shape. Е 


FAIRING - An auxiliary member or 
structure whose primary functicn is 
to reduce head resistance or drag 
of the peri to which it is fitted, 


FIN ~ A fixed or adjustable airfoil, 
attached to an aircraft spproximately 
parallel to the plane of symmetry, to 
000 directional stability; 6.66) 
523131 fin, skin rin, ete, 


FIREWALL ~ A fire-resisg stance ae 
bulkhead ر‎ set as to: ы Чат | tbe 


oh 


engine compartment from the о parts 


of the structure and thvs confine the 
fire to the engine compartments as 
much as possible. 


FITTING - A general term referring te | 
any one of the many small, and not 
otherwise named, parts used in fabri- 
cating the e*ructu ^e of an aircraft, 

The most important Fittings are those 
which join two or more major assemblies 
such as wing to fuselage 


PLARGE ~ Any web-stiffcring portion 
cf an i-bosm, charnel section, cap 
strip, ёс, 


FLAP ~ Hinged part of ving 


aileron and fuselage (cach 
that is Lowered to reduce 


ту 

% 

> ck 

ate (ho Ж, 


m {л 
г 
Съ 
+ 1, 
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PORGING = Metallic part formed су 
plecing a preheated bar in a die ani 
hammering it to the desired shape, 


FORWARD - Front or toward the front. 


FUSELAGE - The structure of ерргохї- 
matcly streamline form, to which are 
attached the wings and tail unit of - ^ 
airplane, It supports the engine 

on & Single engined airplane and 

houses the crew and pa .ssengers or 


> ا 


USO ~ Small plete 11863 in rein- 
forcing adsenblies. 


HAND 28 80 ~ Shaping cf soft metals 
Су use of hammers ard mallets of 
various material, бїс as hand 
forming. 


HORE ~ Л short lever attached to а 
coutrol aurface of an sircraft, 
to which the operating wirc or rod 


^ 


is сог60004, Турісаі cxemples ore 
nlloron horn, elcvwetor horn, rudder 
horn, otc. 


WILBROOSTAL . Member between ribs or 
1777016 5۰ 


JIG ~ Avy rigid structure or mechan- 
ism used to hold varts together in 
an assembly, 


Әә „СТ, E "e СТЕ АЖ S 15 Е in а Sn wil 1 arti жа of 
a metal ] oT Ü (£3 Lange, an gle 3 و‎ otc E 
со the y rt will ¿icar ether parts, 


LANDING GEAR ~ The understructure 
which surrorts the weight of an air- 
craft when in contact with the lend 


т water in reducing thc shock or 
landing. It includes the mein 

lending wheels, tail wheel or tail 
skid, ete, Also called Vunder-carriage" 
(British) and "nlighting gear" (Army). 


LAF JOIN? ~ Joint where two edges 

of parts to be fastened together 
over-lap each other and are fastened 
in tho lap. 


LEADING EDGE - Foremost edge of eir- 
foil or propeller blade, 


LONGERON - А fore-oend-aft member of 
the framing of an sirplone fuselage 
or nacelle, usually continuous 
across a number of points of 
support. 


LONGITUDINAL STIFFENERS ~ Members 
approximetely paralisi to the longi- 
tudinal axis of a beam or semi- 
monocoque structure designid te 
stiffen the skin and assist it in 
resisting shear and bending loads, 
i, stiffener is a member used to 
reinferce thin sheets. Sometimes 
called S'TRINGERS. 


MOCK-UP - А full-sized wooden dummy 
model of the major portion of an 
airplene of new design to check 
location of seats, controls, ete, 


MOLD LINE ("ML") = Intersection of 
two surfaces, Whore bend 35 опа 
radius the mold line is the line 
where the planes would meet if 
extended beyond the radius. 


MONOCCQUE ~ А type of structure 
where the construction consists 
thin sheet of metel, wood, or 
other material, s 78 by ribs, 
frames, or bulkheads, but usually 
without longitudinel mombers other 


of a 


than tho shell structure itself, 
MOTOR MOUNT . Asse: yd. scd to 
Support tho motor; fastcned to 


fuselage. 


МІСЕШЕ ~ Ап inclosure which is 
fastened to the wing for the ригрове 
of fciring en object which is larger 
than the boundaries of the airfoil 


said objicet usuelly being 


olent 


section, 
the powcr 


OIL CAN 
structure, which 
bottom of an oii 
applicd, 


(SKIN) - Loose skin in a 
thunps like thc 
con When pressure is 


OPEN ANGLE ~ Ап an 


за10 having more 
then 90° between the 


LOPS, 
ORDINATE ~ The vertical distcace 
above ог below a stated horizontal 
axis cn е graph or chart. When 
plotting sn airfoil section, the 
upper ond lower ember cf the scc- 
tion are plotted 2s ог сев. 


OVERALL LENGTH - The distance from 
the extreme front to thc extrome 
roar of an airereft, inclu ding the 
propeller and the tail unit. 


PANEL - Fart cf wing 
Бызсісее. 


survoes ог 


РТІОТ БОЛ ~ Small hole drilled in 
motel at a designated peint which 
serves as а 10004 for drill used in 


drilling ia 


FITCH OF RIVETS = Tre comter-te- 
center Gistence between rivets in 
eny row of rivets, 

PLAN VIEW - Тор view of an objcet, 
PLANE - An ineginery surface having 
but two dimensions ond no Әсет. 


QUENCHING - Cooling motel 
oii, or other liquidós. 


in water, 


OF БЕК ~ А radius, usunliy‏ ساس 
to which = shect‏ 
bent.‏ 


~ 


д 


БІН - Any member of ап cirplane 
structure which serves the purpose 
of giving а specific cxternal shape 
ог ci ntour to the structure, Ribs 
ore often used to cid in giving 
| or to act as members to tie 
а atructure together, Ribs are 
found is such members as wings, 
wilerons, elevators, fins, stabili- 
ZI S3, със, 


RIGGING ~ The assembly, adjustment; 
ona clignmnent of the surfaces of ‘the 
сігріспе, such as rudder, etc. 


RUDDER - Hinged спа +009 “cree on 
toil assembly thet enables pilot to 
Fi to the right or left. 


SECTION - In mechanics and materiel 
uscgos it most often menns 2 cross 
sectional view 8% è certain point ст 

part which 
вгесігіс nature, 1.6.» Š pert may be 
ov angle section, o T section, or 2 
U section, etc. 


SKIN - Outer thin sheet that covers 
wings, fuseloge, teil surfaces, ete 
SLIPSTREAM ~ The strcam of air driver 
astern by the propeller. 


SPAN - The maximum distoneo, measure 
ет te thc lateral axis from 

tip te tip of an airfoli, or tn nir- 
plane wing ineiusive of 3 +8 

or of a stabilizer inclusive of 
slevetors. 


SPAR - & primary 8 
i.e., wing spare à 
تا‎ 68 ғ 


structural member و‎ 
csigncte wing 


^ 


SPINNER ~ L fairing of ^yproxinatcly 
corniezl or parnboloxcol fom, which 
ig Pitted cozxizlly with the pro- 
peller boss and revolves With ' з 
propeller. ` 


пав a cress section of w 


te 


SPOT-WEZLD ~ Weld in one 
electrical resistance. 


spet dona by 


SPREAD - Sene as БРАН. 

SERING-BACK = Lngulor ancunt thet 
metal jumps beck when bending pres- 
sure is released. Must he allowed 
for. 


STABILIZER - Lny сігісіі whose prinery 
function is to increase the stability 
cf ёп aircraft. It vsuelly refers t< 


the fixed | tril surface of 
an airplone, ns distinguished from 


the fixed Па ess surface, 1% 8 
usually јосељод ct the reer of an air- 
craft, end is approximately parallel. 
to thc р1с008 of the longi. tudir `1 nnd 
loternl axes. ilse с Лей "toii 

Lene. 


STREAMLINE ~ The соёл of с perticle cf 
fluid, supposediy continucus, CCH 
monly taken reletive to £ 50114 body 

past which the fluid is ۶۱۷ 
ено used силу of such flows 68 
tro not саду? ng. 


"HESS - 4 resulte 


Š nt inbernel force 
in с. body which rosists the 
© 


tenüoncy 


г onn external force te change tho 
Bue ок shape of the body, 1.6., the 
resultant intornocl forec үе сз 


|: LONGITUDINAL STIFTE- 


STRINCERS - бес 


РЕНО. 


member cf а Wu: 
Кох instenoo, the verti- 
cal moubcre of, the wing truss of 6 
Бр сте (interplene аътка) ind the. 
short 2. әрі and hcrizontal members 


"пут ы я 
STRUT - i compression 


truss trem, 


separating the lengerons in the fuse- 
loge, ine арена racing on во semi- 
enntilocccr monopirne із nso tormed ^ 
strut. hoy cro in tension in попа! 


flight, but will 
ch tines duo to d 


be in compression 
cwnieads cn the wing. 
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SURFACE - Ln abbreviated term for 
any airfoil surface, also used to 
designate the eree of en airfoil 

зес сп. 


“ТАВ (TRIMMING) ~ Small controllable 


area on flippers, elevators, rudder 
and ailerons to balance ship in 
flight. 


"TIL ASSEMBLY - Rear part of the air- 


plane, usually consisting of rudder 


and elevators, along with fixed 
-stabilisers. 2 


. TAIL GROUP (ЕМРЕММАСЕ) - The stebili- 


zing and control surfaces at the rear 

end of sn ciroraft, including stebili- 
zer, fin, rudder, and elevator... Also 

called "empennege". | 


TEMPLATE - Flat pattern of a part,” 
usually of terne plate. ہت‎ 

2 ч ~ P ID аас и no 
THRUST - The forwerd force Gf pull 
which a propeller exerts heeause it 
imparts momentum to г. cclumn or +8 
of cir behind it, The mass of air 
hendled is dependent upon the dià- 
meter of the prepeller and the speed 
of revolution, 


TOLERENCE - Ап allowable varieticn 
in dimensions, 


TRAILING EDGE - The rearmost edge of an 
eirfoil or propeller blade. 


TRUSS - Arigid planar structure made 


up of a series of triangles and de- 
signed to carry lateral loads. Апу 


rigid framework or supporting struc~ 
tures, the members of which nay be 

in the form of metal bars, angles, 
rods, tubes, wires, or wood parts, 
ete., and may be of composite con- ; 
struction of nany matcrinis end various 
shaped members. A truss is composed cf 
top nnd lower chord mombers and 


vertical or diagonal members. 


TRUSS MEMEBERS - А structural 
member cf s built up truss cr 
girder. 


WEB - Portion of spar which is the 
principel depth unit. 


WING FANEL ~ Porticn of sirplone 
wing constructed separately fron 
rest of wing, to which it is later 
attached, 
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001-099 Main Assemblies and Installations | 

100-199 General Controls (Includes Combination Brackets, Falrleads, 
Pedestal, eto.) 

200-299 Rudder Controls (Includes Flight Tab Controls) 

300-399 Elevator Controls (Ineludes Flight Tab Controls) 

400-499 Aileron Controls (Includes Flight Tab Controls? 

500-599 Mechanisms 

600-649 Trim Tab Controls 

650-699 Flap Controls 

700-799 Fower Plant Controls 

800-899 Control Surface Locks 

900-929 Loft Lines Layout 

930-999 Miscellaneous (Includes Life Raft Release, etc.) 
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100-199 Main Cargo Door 
200-399 How Loader 
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BUPPLEMENT NO. МО, hi, ho, №3, 87, 58 & 59 


001-099 Main Assemblies and Installations | 
100-199 General Controls (Ineludes Combination Brackets, Fairleads, 
Pedestal, eto.) 


| 200-299 Hudder Controls (Ineludes Flight Tab Controls) 

300-399 Elevator Controls (Includes Flight Tab Controls) 
| 400-499 Aiileron Controls (Includes Flight Tab Controls) 
| 500-599 Mechanisms 

600-549 Trim Tab Controls 

650-699 Flap Controls . 

00.799 Power Plant Controls 

. 800-899 Control Surface Locks 
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930-999 kiscellansous (Ineludes Life Haft Release, ete.) 
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CONTROLS AND MECHANICS 
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- 41 Wing 
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. 55 Mechanism 
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- 57 Hull ہے‎ 
- 88 Flight Deck 
‘= 49 Bow Loader Flight реек 


SUPPLEMENT 


001-099 Main Assemblies and Installations 

100-199 General Controls (Includes Combination Brackets, Fairleads, 
Pedestal, өс.) 

200-299 Rudder Controls (Includes Flight Tab Controls) 

300-399 Elevator Controls (Includes Flight Tab Controls) 

4002499 Aileron Controls (Includes Flight Tab Controls) 

500-599 Mechanisms 

600-649 Trim Tab Controls 

650-699 Flap Controls 

700-799 Power Plant Controls 

900.399 Control Surface Locks 

900-929 Loft Lines Layout 

230.999 Miscellaneous (Includes Life Raft Release, ete.) 


SUPPLEMENT NO. FOR CODE 55 
001-099 Main Assemblies and Installations 


100-199 Main Cargo Door 
200-399 Pow Loader 
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EXTRA ASSISTANCE FOR FIRST SQUADRONS BECAUSE OF: 


7. DEPLOYMENT OF SQUADRONS 


70 OTHER LOCATIONS AFTER 
ACTIVATION. 


ХОЙ? 


3. CONTRACTOR PERSONNEL 
HANDLING ON-THE-JOB TRAINING 
FUNCTION TO ENABLE KEV AIR 
FORCE PERSONNEL TO OBTAIN 
OPERATIONAL EXPERIENCE 
NECESSARY TO CARRY ON 
SUCCESSFUL TACTICAL OPERATION. 


f NLN AX 


2. RAPID BUILD UP OF REASSIGNED 
PERSONNEL FROM SQUADRONS 
NOT FAMILIAR WITH AIRCRAFT 
AND REQUIRING ON-THE-JOB 
TRAINING 


8 Р 


. MAXIMUM CHANGE ACTIVITY OF ANY 


PROGRAM IS IN FIRST YEAR OF TACTICAL 
OPERATION. LIAISON WITH CONTRACTOR FOR 
INFORMATION AND ASSISTANCE 15 REQUIRED 
TO MINIMIZE AIRCRAFT TIME OUT OF SERVICE. 
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The production F-102A is a single-seat, supersonic, 
delta wing, high altitude, all-weather interceptor. 
Equipped with MG-10 fire control system to launch 
and direct its GAR-1 and 1B missiles and 2.75-inch 
FFAR rockets, the F-102A constitutes the complete 


airborne portion of the interceptor system. 


The F-102A fuselage accommodates the radar antenna 
and radar equipment of the fire control system in the 
nose section. The pressurized pilot's compartment, with 
seat, controls and equipment, is located aft of the nose 
section. A section to house the nose wheel in the 
retracted position is located below the floor of the 
pilot's compartment. An intermediate fuselage section 
houses the communication and navigation equipment, 
and components of the fire control system. An arma- 
ment section contains the missiles and rockets and their 
displacing gears and the compartment above the 
armament section contains the refrigeration equipment. 
The forward wing spar attaches to fuselage bulkheads 
in this section. An accessory section accommodates 
miscellaneous hydraulic, pneumatic, electrical and elec- 


tronic equipment. The wing main and rear spars attach 


to fuselage bulkheads in the next section aft which 
houses the turbo-jet engine, the electrical power supply 
and airframe controls. Wells in the lower forward 
portion of this section house the main landing gear in 
the retracted position. An aft compartment contains the 
engine afterburner, airframe control system valves and 
linkages. A drag chute is installed in a compartment at 
the base of the rudder. Two speed brakes, hinged 
forward of the drag chute compartment, also serve as 
the chute compartment doors. 


The airplane is powered by a J-57 Pratt and Whitney 
engine with afterburner. 


Inasmuch as production airplanes are to be used in 
the flight test program, certain items of the armament 
and MG-10 fire control system have been deleted with. 
Air Force authorization to allow installation of test 
instrumentation as required in order to expedite the 
flight test program. The only exception is the pilots 
compartment which is presented in a completely tactical 
configuration. At the completion of the flight test assign- 
ment, these airplanes will be completely provided with 
equipment conforming to the production specification. 
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The principal differences between the 
F-102A production airplane and the 
earlier YF-102 configuration are suffi- 
cient to distinguish the F-102A sharply 
from its predecessor. 


“| 


The waisted-in and lengthened fuselage 
and the longer, more pointed nose of ۳ 


Семей, 


the Е-102А, for example, are notable 
changes. The redesigned engine air inlet 
ducts and the V-shaped clear-vision 
windshield and canopy also contribute 
distinguishing features, 


ایوس 


A long convex tapered fairing added 
between the aft portion of the wing upper 
surface and the fuselage extends well aft 
of the tail cone on each side, 
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54, 55 WING TIP (R & L} 5 4: SPP. ? 
56,57 WING LEADING EDGE (R & l) 8.73582 (5), 8-00043 (NA}—Splice Instl Sta 643.5 
58, 59 MAIN LANDING GEAR ASSEMBLY (R & 1) 
60, 61 WING STRUCTURE (R & 1) 
62,63 AFT TANK ASSEMBLY (R & 1) 
64,65 FWD TANK ASSEMBLY (R & 1) 
66 VERTICAL FIN 
67 RUDDER 
68 VERTICAL FIN LEADING EDGE 
69 VERTICAL FIN TIP 
70 FUSELAGE PRIMARY 
71 PILOTS CANOPY 
73,74 LOWER ROCKET DOOR (R & L) 
75,76 INTERMEDIATE ROCKET DOOR (R & زا‎ 
79 NOSE LANDING GEAR DOOR ASSEMBLY 
80 FUSELAGE STRUCTURE 
81 FUSELAGE FWD BARREL 
82 FUSELAGE AFT BARREL 
83 INTERMEDIATE AFT BARREL 
84 FUSELAGE AFT BARREL SECTION у 
85, 86 FWD PANEL {217.0 TO. 310.25) (R & 1) 
87, 88 AFT PANEL (310.25 ТО 405.75) (R & t) 
89 LOWER STRUCTURE (405.75 TO 443.3) 
90 FUSELAGE PILOTS COMPT 
91,92 INBOARD PILOTS PANEL (R & L) 
93 PILOTS FLOOR 
94,95 FWD AIR SCOOP (R & l) 
96 NOSE LANDING GEAR ASSEMBLY 
97 RADOME ASSEMBLY 
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ACCESSIBLE EQUIPMENT 


“1. Forward electronics equipment. 

*2. Forward electronics equipment. 

3. Canopy latch mechanism (RHonly), 
Brake cylinders both sides, 

4. Deleted. 

3. Canopy attaching mechanism. 

“6, Canopy hinge mechanism. 

7. Air conditioning equipment. 

8. Dorsal fin duct assembly. 

9. Rudder control cables. 

10. Forward engine mount. 

11. Forward engine mount. 

*12. Engine oil filler unit. 

13. Engine anti-surge bleed valve. 

*14. Compressor discharge port. 

15. Elevon actuating cylinder. 

l6. Aft engine mount. 

17. Rudder actuating controls. 

18. Tail cone attaching bolts (upper). 


ACCESSIBLE EQUIPMENT 


“19. Drag chute and speed brake mechanism. 
20. Tail cone attaching bolts (lower). 

21. Elevon actuating assembly. 

22. Flight control equipment. 

23. Flight control equipment. 
"24. Engine compartment fire door(LHonlyl. 
25. Engine and accessories. 

26. Pressure requlator, fuel tank pressurization 

(Inside fuselage). 

“27. Main landing gear wheel well compartment. 
*28. Ram air turbine assembly. 

*29. Aft electronics equipment. 

*30. Armament bay compartment. 

*31. Outside canopy jettison control. 

"32. Intermediate electronics equipment. 

733. Nose wheel well compartment. 

*34. Thermo-switch assembly. 

35. Forward electronics equipment. 


NOTE: 
DOORS MARKED WITH AN ASTERISK ARE NON-STRUCTURAt. 
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Fuel tank access doors, located in the wing 
lower surfaces, are installed with NAS screws 
and fuel-tight Fairprene gaskets. The length 
and size of these screws and the location of 
each is stenciled on the doors. Certain fuse- 
lage doors in the pressurized areas are 
installed with gaskets formed by use of a 
special pressure-and-water-tight sealant. 
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BOTTOM VIEW 28 27 25 23 22 


Some equipment may be reached through | 
the open wheel wells, and additional equip- ۱ 
ment becomes accessible by removing the 1 


radome and tail cone. 
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Master brake cylinder. 
Brake pedal. 

Pilot's power lever. 

LG position indicator, 
Emergency extend handle. 


MLG door selector valve. 

MLG selector valve. 

MLG splice panel, sto 451. 

Main gear door forward closed switch. 
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WHEEL HALF BOLTS (12) 
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ne 
(FFAS 


NLG SHOCK 
STRUT 


МЕС WHEEL 
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122 SS 


| NE “2744; NAN | 


GREASE SEAL и е 
WASHER (2) 


| ~ Ур 
JACKING PAD g FH А 


LOCK SCREW 


SNAP RING (2) 


BEARING [2) 


UPON INSTALLATION ADJUST NUT 
SO THAT NO NOTICEABLE END- 
PLAY EXISTS IN BEARINGS. 
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Aft LH canted bulkhead circuit breaker panel. 


П. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


LOCK WASHER 


Aft gear door actuator. 

Main gear door aft closed switch. 
landing light relay. 

Side brace. 

MLG down position switch. 
Pivot beam. 

Drag brace accumulators. 

MLG oleo strut. 

Ground safety switch (LH only). 
Gear fairing. 
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NOTE: 
ANTI-GLARE SHIELD 
REMOVED FOR CLARITY. 


1 


CONFIDENTIAI 


1 8ھ 


1 


ГА 


FIOSNOD 1Id202 Омүн-1433: шав 


СОР 5 


-3SYW N3OAXO 5.10110 ОЈ 


(113M 71331۸۸ JSON МІ 9319201 
NOLLVTIVISNI 3۸1۷۸ 3aTild dO ۵۵ 


Ане. ж ІЗ 


{AVA 1۸13۷۸۷۷۲۷۰8۷ ۸۵۹ 
3۸1۲ ۸ 5 Ha NI) 13071121 0۵ 


3ج 

нэ|эц uo ۵۱۵50 “зоиоүпбэл ayy uo 310 $044 
-uo3 рио әбоб әлпѕѕәја 24] ")50ш $404 eui 
о; роә о рио лојојпбел э9А; риршер-1э4пир 
“ƏA|DA аеуц ‘лэрицА> иәбАхо aunssa1d цбиц D 
әрпірш siuəuoduuoO باب‎ p jo uoupanp əy} 
зо) иэбАхо риошәр 10 %001 чим оца ay! 
Buipiaosd jo ә|досіоэ $! wə;sÅs шебАхо 241 4 


TE 


cive, 


11301103 


CONFIDENTIAL 


20 


18 


Canopy remover cylinder. - 
Exterior canopy jettison handle. 
Lanyard, 

M-3 initiator. 

M-3 catapult. 

Tripping lug. 

M-3 initiator, 

Inertia reel lock control. 

9. Emergency canopy jettison control. 
10. Canopy latch control handle. 

11. M-3 thruster. 

12. M.5 initiator. 
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Seat adjustment control switch. 

Canopy jettison and seat arming handle. 
. Seat ejection trigger. 

- MA-4 lap belt. 

. Ground safety pin holes. 

M-4 initiator.‏ ۔ 

. Forearm guard. 

. M-1 exactor. 

. M-3 initiator. 


— The pilot escape system is designed to open and jettison the 


canopy and forcibly to eject the seat completely clear of the 
airplane when an emergency exit is required in flight. 


The pilot escape system may be operated by raising the loop 
type hand grip on either armrest. This locks the shoulder harness, 
raises arm guards and pin-fires an M-3 initiator which in turn 
fires the M-3 thruster. The thruster opens the canopy latches, 
then fires an M-5 initiator and energizes an exactor. The latter 
opens an air valve and releases а 1560-psi-qir precharge, 
creating a force of 5830 psi to jettison the canopy. When the 
canopy is jettisoned from inside the airplane, a trailing lanyard 
pin-fires an initiator and arms the seat trigger. The pilot at his 
option may actuate either seat trigger within the hand grips, 
which fires an M-3 initiator. The initiator fires the M-3 seat cata- 
pult which ejects the seat from the airplane. When the seat is 
ejected from the airplane an M-4 initiator is tripped and fired. 
This initiator contains a two-second delay fuse. Affer two seconds 
have elapsed and the pilot is clear of the airplane, this initiator 
unlocks the Automatic Lap Belt, freeing the pilot from the seat, 
He may then pull the parachute пр-сога, The pilot's quick- 
disconnect unit, containing the oxygen and “С suit pres- 
surization hoses and electrical and electronic leads, is also 


“ disconnected automatically. 


The canopy alone may be jettisoned from inside the airplane by 
pulling the emergency jettison handle (T-Handle) on the forward 
edge of the left leg guard of the seat. The canopy can be jetti- 
soned from outside on the ground by pulling an emergency 
handle located under a small round door in the fuselage skin 
above the inboard end of the left wing leading edge. 
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and trim mechanism. The position potentiometer is 
a component of the pitch-and-yaw damper circuit. 
Aileron trim motion is introduced into the system by the 
electrical trim actuator through the aileron centering 
and feel spring to the aileron torque tube. Trim position 
will be transferred back through the system to the stick, 
where it is reflected in stick position. 


The aileron centering and feel spring provides the pilot 
with an artificial feel that is proportional to the deflec- 
tion of the elevons in aileron action. The artificial feel 
is linear in nature. That is, the larger the aileron dis- 
| placement, the greater the feel force on the control 
stick in direct proportion. 


سیا اہ لم وا امہ ROC‏ ع Жазы‏ 


Aileron control motion is transmitted from the aileron 
torque tube to the “Т” crank іп the elevon mixer assem- 
bly. The rotational movement of the “T” is transmitted 
by mechanism to the elevon control valves to impart 


aileron action to the elevons. 


Elevator control motion is transferred by the cables to 
the elevator torque tube. The elevator portion of the 
mixer is attached to a bell crank that rotates with the 
torque tube. As the torque tube rotates, the entire mixer 
assembly moves fore and aft. This imparts elevon con- 
trol to the linkage actuating the elevon control valves. 


The body of the elevator trim actuator is mounted on 
the mixer assembly. The rod end of the trim actuator 
is connected to a bell crank which is also connected to 
the elevator centering spring and to the elevator feel 
force cylinder. Trim is introduced into the system against 
the force of the centering spring and the feel force cyl- 
inder. If the control stick is then released it will center 
at the new trimmer position as the centering spring and 
feel force cylinder return to neutral. The elevons will 
assume the trimmed position. The feel force cylinder, a 
component of the rudder and elevator “Q” system, 
resists the motion of the elevator control system with a 
force relative to airplane airspeed and altitude. 


Trim is accomplished by deflecting the elevons and 
rudder with electrical trim actuators installed between 
the feel mechanism and the mechanical control sys- 
tem. Elevons are trimmed by means of a five-position 
switch on the control stick and rudder trim is con- 
trolled by a switch on the mode selector panel. 


The control stick and rudder pedals move in response 
to trim changes, and with control system friction less 
than feel system preload the trim actuator motion is 
resisted by the feel system preload. This resistance 
is reflected in the mechanical control system which 
moves the pilot's control correspondingly. 


A q-pressure sensitive transducer applies signals to 
the trim actuator to provide trim change in the Mach 
number range from approximately .8 io 1.3. This 
system prevents a reversal of required pilot-applied 
forces to maintain level flight as the airplane is 
accelerated from minimum level flight speed to max- 
imum level flight speed. The system performs the 
same function when the airplane is decelerated from 
maximum level flight to minimum level flight speed. 
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MAIN CHUTE سے‎ 


DEPLOY 
BAG 


RIPCORD RELEASE ASSEMBLY 


DRAG CHUTE PNEUMATIC 
ACTUATING 'CYLINDER 


- ууга ےچ‎ 7۲ BRAKES 
= ر‎ NS 
7 т سے‎ DRAG CHUTE САМ 
DRAG CHUTE CONTROL HANDLE 


` {LH INSTRUMENT PANEL) -- = < JAW MECHANISM 
РА 
(4 
са 


AIR FLASK 


DRAG CHUTE CONTROL VALVE 


The speed brakes have been relocated 
in the F-102A and now serve a dual 
purpose as closures for the drag chute 
compartment located in the aft portion 
of the rudder stub island. 
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Primary hydraulic system pump. 
Primary hydraulic syxtom quick-discannacts. 
Secondary hydraulic systam pump. 
Secondary hydraulic system quick-disconnects. 
Secondary hydraulic system accumulator. 
Hydraulic pressure switch. 
Hydraulic reservoir pneumatic pressure quick-disconnect. : 
Primary hydraulic systern :accumulatar. 
Pneumatic filter. 
10. Primary hydraulic system pressure гаће! valve. 
17. Émergency hydraulic system Нож control valve. 
12. Primary hydraulic system reservoir. 1 
13, Hydraulic reservoir pressura regulator check valves. i 
14, Hydraulic reservoir pneumotic pressure ragulotors. 
15. Primary and secondary hydroulic system сссипи стаг ргозшге gages. Б 
В 16. Emergency hydraulic power system ram: air tuibine. 
17. Emergency hydraulic power system pump. 
18. Secondary hydraulic system reservoir, 1 


<= 


نے یرب jp‏ بحم 


19. Hydraulic pressure tronsmitters and imubbers: 

20. Secendary hydraulic system pressura ralief valve. 
21. Secondary hydraulic system high pressure filter. 
Primary hydraulic system high pressure filter, 
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(PRIMARY HYORAULUC SYSTEM PRESSURE 

ШЕНІ! PRIMARY НҮОВАНЦС SYSTEM RETURN OR SUCTION 

CTO SECONDARY HYDRAULIC SYSTEM PRESSURE 

011188 SECONDARY HYDRAULIC SYSTEM RETURN OR SUCTION 
EMERGENCY HYDRAULIC SYSTEM PRESSURE 
EMERGENCY HYDRAULIC SYSTEM SUCTION 
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The MG-10 is a missile and rocket fire control system 
for single-seat, all-weather interceptors. It provides 
automatic radar searching and tracking, directs the 
aircraft on a lead-collision attack with steering per- 
formed automatically or manually at the option of the 
pilot, and automatically prepares and fires the air- 
craft’s armament. Optical sighting provisions are also 
included. Auxiliary functions of the system include tar- 
get identification, radar-beacon interrogation, radar 
ground mapping, receipt and presentation fo the pilot 
of GCI vectoring data, certain autopilot functions for 
pilot relief, and automatic instrument landing down to 
flare-out. The MG-10 system is composed of the follow- 
ing subsystems: 


MG-3 Radar and Computing Subsystem. The radar por- 
tion of this subsystem is a modified 250-kw, conical- 
scan radar similar to the type used in the E-4, E-5, and 
E-6 rocket fire control systems. Information concerning 
the target, missile, and rocket ballistics, and aircraft 
environment is coupled to the analog computer. The 
computer uses this information to solve the appropriate 
fire contro! equations and to generate the armament- 
firing signal. 


Automatic Flight Control Subsystem. This subsystem 
controls the flight path of the aircraft in three modes of 
operation: pilot-assist, computer-directed attack, and 
landing (AILS) down to flare-out. This system controls 


the airplane by providing to the damper system ampli- 


fier signals generated by the MG-10 system. In the 
automatic flight mode of operation these signals have 
full authority over the flight control system and pilot- 
applied control forces are locked out. In the event of 
any malfunction as sensed by the damper monitors the 
MG-10 system is disengaged from the flight control 
system. 


MG-3 Missile Auxiliary Subsystem. The missile auxil- 
iaries supply and control application of external power 
to the missiles, activate the missile batteries, transfer 
the missiles to internal power, enable warhead arming, 
servo the missile seeker heads into alignment with the 
radar antenna, compute optimum missile guidance and 
control parameters and set them into the missiles, switch 
the radar to elliptical polarization, shift the radar pulse 
repetition frequency to that of the missiles, servo the 
radar transmitter and missile receiver into frequency 
correspondence, servo the missile range gates into 
coincidence with the radar range gate and compute 
optimum missile travel relative to the interceptor. 


Integrated Power Supply. D-C power, except for 28- 
volt power, is supplied to the MG-10 system by an 
integrated power supply system. The equipment con- 
sists essentially of three d-c generators driven by a 
400-cycle air-cooled motor, and associated voltage 
regulation equipment. 
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Grounding the rocket firing circuits while loading the 
rockets into their carriers is accomplished through the 
use of a plug (SE 0906) attached to the rocket pack- 
age. The firing circuits are grounded until the plug is 
manually removed. 


An armament control panel in the pilot's compartment 
provides a means of selecting the armament groups 
to be fired, and carries the arming switch, the misfire 
warning light, and the retract switch. Interlock switches 
are provided to interlock the door and displacement 
assembly positions, as well as firing pulses, and to 
prevent extending the launchers when the doors are 
closed, closing the doors with launchers extended, or 
firing the aft launchers with the forward launchers 
extended. Each missile launcher has a missile-present 
switch which is held open by the missile. Missile misfire 
is sensed by the misfire relay assembly, which stops 
normal launcher action, and lights the misfire warning 
light. A misfired missile may be retracted by using the 
push-to-retract switch. During salvo, the misfire circuits 
are de-energized. 


When the armament bay doors are open, cabin pres- 
surization and ram air are shut off by the cabin air 
control timer to prevent armament exhaust gases from 
entering the air conditioning and pressurization system. 
Air conditioning, pressurization, and ram air flow are 
resumed when the armament bay door open signal is 
removed. 


Armament Pneumatic System. High pressure air is 
utilized to operate the armament bay doors and the 
armament displacement assemblies and is stored in two 


(or four) air flasks. Two air flasks are utilized in a missile 
and/or rocket configuration. Four air flasks are required 
for more than three armament passes, i.e., all-rocket 
configuration. The flasks are filled to 3200 psi with dry 
air. A pressure regulator and relief valve reduces the 
pressure to 1100 psi for use in the armament system. 
A ground selector valve is located in the pressure line 
between the 1100 psi regulator and the armament bay 
door and armament displacement assembly selector 
valves. Paralleling the ground selector valve is a pres- 
sure line containing an air flow restrictor. The ground 
selector valve allows a high rate of air flow to the door 
and displacement assembly actuating cylinders when 
the nose landing gear door is closed (in-flight condi- 
tion). When the airplane is on the ground and the nose 
landing gear door is open, the ground selector valve 
is closed and high pressure air for the actuators then 
bypasses the ground selector valve and goes through 
the air flow restrictor. The restrictor limits air flow to 
assure slow, safe operation of the doors and displace- 
ment assemblies. 


High pressure air from the door selector valve flows to 
each of the eighteen armament bay door actuating 
cylinders. A restrictor check valve is threaded into both 
the "OPEN" and "CLOSED" ports on all eighteen 
cylinders, permitting air to free-flow into the cylinders, 
but restricting out-flow. The restrictor-check valves snub 
operation of the cylinders in both directions, and con- 
trol the time duration of the door opening and closing 
cycle. 
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Figure 2-51  Reservice Procedure - Refuel Crew 
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(8) ‘Connect вий рожей 


'UNSHADED :PORTIONS-OF. BARS. INDICATE TIME. 
DURING WHICH OPERATION CONTINUES ШМ. 
ATTENDED. 


THIS TIME 15: AVAILABLE FOR HYDRAULIC: 


FLUID OR GLYCOL REPLENISHMENT ІР 
REQUIRED ` 
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penale emergency ‘yda powe 
hatidle (Qut & in); install safety 


UNSHADEU PORTIONS OF BARS INDICATE TIME 
DURING WHICH OPERATION CONTINUES UN- 
ATTENDED. 


Figure 2-52 Reservice Procedure - Pilot 
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Figure 2-53 Reservice Procedure - Armament Crew 
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ENGINE REMOVAL - WESTINGHOUSE XJ40-WE-10 (FIG, 1) 


1. Remove Puselage tail cone and deflect rudder. 


2. Position engine handling stand and attach its track to. aft. 
end of engine removal track in fuselage. 


3. Disconnectengine air ducts, air bleed ducts, accessory connec- 
tiong, accessory cooling air duets, fuel line, hydraulic lines, 
electrical wiring, drain lines , engine control lever, and 
carben burner -- access through missile launcher door and 
lntérnal panel above door, rocket launcher door and internal 
panel above door, panel above wings at Station 395, panel 
on top of fuselage at Station 320, and panels above wing at 


Station. 505. 


. Disconnect rear engine mounts -- access panels on both sides 
of usa 85 at Station 477. 


Disconnect. front engine mount -- access panel on top of fuse- 
lage at Station 320, 


Attach handling stand removal cable to rear afterburner 
lifting ring. 


Crank engine out of airplane and onto handling stand. 


‚ Disconnect handling stand track from track in airplane and 
wheel the stand and suspended engine away. 


To remove engine from handling stand: 


.) Disconnect removal cable from engine and de-clutch cable 
drum from cranking mechanism. 


| Connect hoisting cables to lifting lugs on engine at 
compressor case and aft end of combustion chamber. 
Clutch in hoisting cables drum to cranking mechanism. 


‚) Raise engine slightly to take weight off track rollers 
and disconnect rollers from engine. 


) Lower engine and then disconnect hoisting cables, 
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REFUELING 


Refueling may be accomplished either by pressure (left 


hand wheel well) or by gravity (filler on left side of fuse- 
lage over the wing at oil refill access door). 
ENGINE OLL 

Engine oil filler is located on left hand side ef fuselage, 

over the wing, through а door at Station 556.7. 
OXYGEN BOTTLES 
Oxygen bottles are located on left hand side of fuselage 
in the nose wheel well. Serviced from nose wheel well. 
HYDRAULIC RESERVOIRS 
Located on left and right sides in the lower part of 


fuselage at Station 449 and are serviced through a bottom panel 
at Station 477. 


OLEO STRUTS 


BRAKE ACCUMULATOR. 


_' R/H side of nose wheel well, Access through nose 
wheel well. 


LEFT AND RIGHT SYSTEM ACCUMULATORS 


Serviced through lower fuselage panel at Station 477. 


CANOPY (FIG. 2) ' 


Hinged at aft end and manually actuated with the aid of 
counterbalancing springs in a pair of telescoping tubes, Re- 
moval is accomplished by removing two pins at the canopy-strut 
attaching hinges and then disconnecting the pivot pins at the | 
aft end of the canopy. 
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JACKING POINTS (FIG. 3) 


Provisions at three points to jack. ‘the aircraft for gear 
operation, etc. 


Fuselage point at Station 292 on, bottom centerline is gained by 
dropping dive brake door. 


Wing points: Just ahead of No. 3 spar (Fuselage Station 440) 
at Wing Station 110.5. 


Provision is made to jack each gear independently for wheel 
removal. 
HOISTING PROVISIONS (FIG. 4), 
Hoisting points. are provided at three points: top center- 
line of fuselage at Station 292; and on the top of each wing ہے‎ Е 
over the jacking points. (Fuselage Station 440 - Wing Station 110.5) 


A "T" hoisting structure is utilized. 


FUEL SYSTEM 


Fuel system integral tanks (3 in each wing) incorporate 
removable panels on the lower surfaces located to provide tank 
access for inspection and repair. 


Fuel booster pumps, tank selector valve and refueling valves 
are accessible through removable panels on each side of the 
lower fuselage at Station 505, 


Refueling line drain is accessible from L/H gear fuselage door. 


Engine fuel components are accessible through. rocket and/or 
missile doors, | 


Refueling vent, float valve cut-off and jressure relief weaves 
are accessible from upper surface of R/H 
rear spar. 


TOWING 


Towing is accomplished by attaching a towing bar (similar 
to that used on Convair Model 240) to nose wheel axle. 
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RADOME-NOSE CONE 


Radome-nose cone removal for radar inspection &nd servicing 
is accomplished by inserting а small crank (to be stowed in 
nose Wheel well) in the opening at Statien 110, Turning the 
crank will compress, through в worm gear, the nose coné attach- 
ing channel ring. | 


Detach seat from the ejectioncatapult at the aft upper 
seat section, and slide the seat up and out of its tracks. 


Primary pressure regulator and carbon burner are accessible 
through access doors оп both sides of fuselage, over wing, at 


Heat exchanger is accessible through rocket door and internal 
panel above door. | 


Check valve and secondary pressure regulator are accessible 
through rocket door and internal panel above door. 


Fuel may be removed from tanks by attaching а тээн 


to the refueling line drain and opening refueling line valves -- 
‘well arid fuselage panels 


Refueling line drain is located in the L/H main landing 
gear well. س‎ ۱ 


۱ Residual fuel is drained by removing lower stress plates 
in the wing. | 


SURFACE REMOVAL 


ings and detaching actuating linkage. Move the surface бо 108 
extreme. position to expose fairing strips. Remove strips to 
gain access to hinge bolt and nut. | 
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ELECTRONICS EQUIPMENT (FIG. 5) 


Electronic: equipment immediately aft of cockpits 


This equipment is grouped in three racks - an upper and a 
lower rack. immediately aft of the cockpit and a third above the 
rockets. The ۲ surface of the upper rack is attached to 
the upper surface of the lower rack. Access to connections Тог 
the upper rack is available when the canopy is open. Access to 
connections for the lower rack is through removable panels on 
the bulkhead aft of the nose landing géar. Access to connections 
for the rack above the rockets is through the open rocket door 
and removable internal panel above the door. 


the fuselage. 
Removal is accomplished as follows: 
I. Remove connections to all threes racks. 
2. Mount type 0-3 bomb hoist on 8 movable beam across fuselage 
opening under canopy above upper rack. Attach hoist cable 
to upper rack and exert upward load on upper and. lower racks. 
3. Disconnect removal door from fuselage. | ۰ 


4. Lower the assembly composed of upper rack, lower rack, and | 
door until door is just above nose gear Scissor links, 


5. Remove door from lower rack. 


7. Disconnect, lower rack from upper yack, raise the upper rack 
slightly and then wheel the lower rack away. 


8, Lower the upper rack out of the airplane and. remove. 

9. Atta ch témporary tracks fore and eft across th e opening 
left by removal ofthe upper and lower racks, and push the | 
third rack into the opening. 
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ELECTRONICS EQUIPMENT (cont'd) 


10. Attach hoist cable to third rack, remove temporary tracks, 
and engage the rack in the vertical tracks. 


ll. Lower third rack out of the &irplane and remove. 


AN $499 INVERTER 


AN $499 inverter 13 accessible from rocket door and inter- 
nal panel above door. 


HYDRAULIC EQUIPMENT 


Rudder control tube and actuating су! inder are access ible by 
removing fairing on either side of fin. = 


Inboard elevon actuators are accessible through two panels on 
bottom of fuselage (Station 535). 


` Outboard elevon actuators are accessible by removing fairing on 
under side of wing (Wing Station 163). 


Blevon Mixer їз accessible through lower fuselage panel at 
Landing gear actuating ¢ ‘Linders are accessible through res- 


pective wheel wells. 


Main landing sear door actuatime cylinder access through ë ither 
wheel fuselage door. (Access door adjacent to actuating rod 


hinge on wheel door will allow pin from said hinge to be re- 
moved, releasing door from actuating linkage.) 


Rocket door and dive brake ¢ Linders .- Accessible from door area. 


Missile door actuating cylinders may be reached from door ares. 
Upper hing e points are access. 10 le from four access doors, two. 
on each side of the fuselage at Stations 556 and 595. 


LANDING GEAR REMOVAL. 


| Accomplished by disconnect ing actuating linkage. Remove 
locating pins at each end of pivo t shaft and pull the two short 
Shafts out towards gear strut. 
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ENGINE ACCESSORIES 


Fwd. engine accessories are accessible through panel on top of 
fuselage - Station 320, and from gr запа through "rocket launching 
door and removable inner panel above door. 


Aft mounted engine accessories, oil cooler, spark plug fuel 


divider - Through missile launching doors and hinge: 


above doors. 


ALTERNATOR AND REFRIGERATION UNIT 


Through panel on top of fuselage at Station 256. 


REFRIGERATION UNIT 
Also through rocket launching door and removable panel above door. 
CONTROL SYSTEM 
Both hydraulic and mechanical components are readily accessible 


through existing access openings. 


INSTRUMENT INSPECTION AND SERVICE 


Two access panels required, one on each side of füselage just 

below windshield at Station 140, forward of engine ducts. 
BATTERY (Drawing SD-50-10051) 

The battery is mounted in the nose wheel well on & carriage 


which uses a removable parallelogram linkage to position the 
battery for servicing. 
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INSOARD PROFILE 


fhe Inboard Profile on the following page shows the ۳۲-1۵2۸ interceptor after 09ئ0‎ 
o Previously authorized improvenents plus the Modernization. items proposed at this time. 


(2) 


Changes to the electronic system and incorporation ог“ “GAR-11 missiles are described in 


ECP 6262, 


2 fuel in the oe Bonis at are the 7730-281 engine, slotted wing leading edges, and addi- 
tional fuel in the outboard missile bays. These items аге described in more détail on succeed- 


The missile b&y provides space for various possible loadings: (6) GAR-1/2 Falcons; or 


(2) ФАВ-11 plus (h) GAR-1/2; or (2) GAN-11 plus (4) fuel tanks (45k gallons). These loadings 
are not: necessarily interchangeable. 
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SLOTTED WING LEADING EDGES 


The leading edge of the F-102A delta wing has а 60° angle of sweepbsück. Ав with any 
swept wing, this produces a boundary layer which tends to flow in a spanwise direction in 
the subsonie speed range instead of the more desireable chordwise flow. This is caused 
by the spanwise pressure gradient that tends to move the boundary layer toward the area of 
lower pressure at the Wing tips. The flow toward the tips thickens the boundary layer at 
the tips and at the same time lowers its energy level, vith the result that tbe tips will 


One means of corrective action is by the installation of Wing fences parallel to thé 
ving chord and the longitudinal axis of the aircraft. The fences effectively prevent the 
boundary layer from flowing spanwise. However, the installation of fences creates an in- 
crease in drag and à possible maintenance problem. 


Recent &erodynamic studies ang limited flight tests of slotted wing leading edges in 
place of fences indicate that, while performing the same function as & mechanical fence, 
the slot actually decreases drag to some extent. The slotted leading edge allows positive 
pressure air from the underside of the wing to pass through the slot and over the upper 
Surface of thé wing; in effect, forming an "аг" fence. 


Slotted leading edges as shown on the folloving page may be incorporated on F-102A 
aircraft with a minimum of modification, resulting in increased performance, reduced 
maintenance and & saving in weight. 
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MISSILE BAY. FUEL TANKS 


The sketch on the following page shows proposed missile bay fuel tanks. 


Four pressurized tanks аге installed in the outboard missile bays. The center missile 
bay is retained for armament losding; ‘The outboard missile bay doors are replaced with 
fairing. These tanks provide an additional fuel capacity of 454 gallons, increasing the 
total internal fuel capacity from 1085 to 1539 gallons, 


fete: [omine 


———— — —————————- — — = ----- 
-- 
ص ----- —— 


— سے یت ہے ——————— - 


gr Ай re U чаше ~ = мощи курмай о oni ИЦ <‏ مر ter u. £: ж Fri e и‏ میں ہہ —— ۰ر 
—— ` = . 


CL i 


[uu 


SNNVI 1303 AV8 ۷ 


1 
ii 
ха 


ч- 


FUEL SYSTEM 


To maintain the proper sirplane شی ین‎ of gravity control during flight, the fuel 
sequencing is as follows: 


A. External tanks (if used). 


ТОО Ibs from aft outboard wing tank (tank 1). 
Aft missile bay tanks. 

Remainder of aft outboard wing tank (tank 1). 
Forward wing tanks (tank 2). 

800 lbs from aft inboard wing tanks (tank 3). 
Forward missile bay tanks. 

Remainder of aft inboard wing tanks (tank 3). 


ее + s са 


Fuel is transferred from the missile bay tanks to the wing tanks by means of a fuel 
transfer line that. tees into the existing wing refueling system. The existing refueling 
shutoff valve in the aft inboard wing tank and float pilot valve in the aft outboard wing 
tank will prevent missile bay fuel from over filling the wing tanks. 


The fuel flows into the wing tanks through the refueling lines and is controlled by the 
fióst pilot valve in the aft outboard wing tank. Тһе fuel from the aft missile bay tank 
терасе“ fuel used from id aft inboard: wing tank es it is burned by the engine. The air- 
1150 ounde: At this time, the pilot valve allows fuel from the fud. "missile Баг tanks to 
flow into the aft inboard wing tanks. The aft missile bay tanks are emptied, refilling 
the fwd. wing tanks. 


A tank venting system provides proper pressure and vacuum relief for the missile bay 
tanks. The vent lines tee into the existing fwd. wing tank vent line. 


Missile bay tank refueling is accomplished simultanecusly with wing tank refueling 
through the missile bay transfer line. A regulator in the refueling line reduces the press- 
ure prior to entry into the missile bay tanks. When the tanks are full the fuel flow is 
Stopped by the 297 IDE. shutoff valve which is controlled by the float = valve. A re- 


buildup Qurtük refueling. 


When а refueling probe ів &dded to the F-102A the missile bay tanks vill be refueled 
in the same manner as noted above. 
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CENTER OF GRAVITY ENVELOPE 


The following charts shows the center of gravity envelope of the modified F-102A. 


The addition of the four missile bay fuel tanks will necessitate some minor revisions 


gravity location falls well within the 
specified aerodynamic limits. 
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WEIGHT COMPARISON 


_ Three configurations ата shown on the following weight comparison chart. These are: 
(1) The Basic Tactical F-102A; (2) The Basic plus authorized improvements; and, (3) the 
Basic plus authorized improvements plus the Modernization Pro и 


The second version (Basic plus authorized improvements) is shown for reference only 
and is not a part of this proposal. Performance data on succeeding charts compares 
versions one and three only. Performance for version two will be almost identical to the 
Basic Р-102А. 


- 3 


aem ыы) Ханы esa) 


qunm 


:]رو لو ; 


нем. EUR mmm Tana “Sina xa 


вилу + 


7ت ہے 


319۷0/346 ; ТУмаза ха Рани. Ё 


гээ 


340: گنت‎ 330i E 


кес 


ceiling and terminating at approximately 65,000 feet is shown 


SPEED-ALTITUDE ENVELOPE (MILITARY + AFTERBURNER THRUST 


The modified F-102A indicates & considerable gain in meximum Mach number over the 
tactical airplane. It is capable of Supersonic speed in level flight within more than 
90% of its operating altitude range. Of the O.lM increase at 35,000 ft altitude approxi - 


mately 87% of this increase is due to the C-24 engine while the remaining 13$ is contri- 


buted by the wing slots. 


zoom capability (based on 90% energy conversion) of 18,000 feet, initiated at the M = 


1.4 


| ONIM 35۷0 > 


S | | 517 569 | 
ii AI? NOIS3q| 


ПІ ҮЙРЕТ 
پا شش‎ 


> 
> 
4 
С 
9 
E 
= 
О 
" 
d 


TAKE-OFF DISTANCE 


A marked improvement of sea level take-off performance with afterburner is evident 
from the following chart. Although the fully leaded gross weight of the modified F-1024 
is greater by 2000 pounds than the tactical airplane, the take-off ground run distance 
is 12% less while total distance to clear a 50 foot obstacle is decreased PZ, ‘This is 
due primarily to the 15% increase in afterburner thrust in the take-off speed renge. 
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TIME TO CLIMB (MILITARY + AFTERBURNER THRUST) 


Climb performance with afterburner is considerably improved, due mainly to the 25% 
increase in afterburner thrust of the C-24 engine in the speed range for best climb. 
Maximum rete of climb at sea level is inereased approximately 48%. At 50,000 feet slti- 
tude, rate of climb 18 improved by 250%. Absolute ceiling for the modified F-102A is 
2. with the Case X wing and 51,800 with the Case XX wing, ар improvement of 
2600 fset. 


Time to climb to 40,000 feet is O.9 minutes less for the modified F-102A and 2.6 
minutes less to 50,000 feet. Time to service ceiling is reduced by 1.2 minutes. The 
time to climb is presented on the following chart as time from sea level after attaining 
best climb speed and does not include take-off time ov time to accelerate to speed for 
best climb. 
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TIME TO CLIMB (MILITARY THRUST) 


Military thrust climb performance shows significant improvement, at speed for best 
climb. In this speed range, the C-24 engine thrust is greater by 3-8%, varying with 
Bltitude. This results in an incredse of 15$ in rate of climb &t sea level and 30% in 
rate of climb at 40,000 feet. Absolute ceiling is 46,000 feet, an improvement of 1000 
feet. N 

Time to climb to 40,000 feet is less by 2 minutes and to service ceiling it is re- 
duced 1.9 minutes. Тһе time to climb is presented on the following chart as time from 
gea level after attaining best climb speed and does not include take-off time or time 
to accelerate to speed for best climb. 
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AREA MISSION RADIUS 


НД е. до: 


(Clean Confi ration) 


The radius capability in an area mission is highly dependent on the degree of optimization of the 
various segments of the mission, i. е., climb, cruise and descent. In the area missions presented, these 
are optimized to result in the greatest distance for the fuel available. Comparison shows that the modified 
F-102A has 62% greater radius capability than the tactical airplane, 


The following table summarizes the data presented: 


Tactical 
F-1024 - 


Modified 
F-1024. 


Gross Weight at Take-Off 


28,150 
(P ounds.) 


Radius 437 710 

(Nautical Miles) 
Time to Intercept 51 Min. l Hr. 
| 25 Min. 


Mission Time L Hr. 


50 Min. 


2 Hr 8» 
57 Міп. 


The outline of the mission із ав follows: 


1. Engine start, warm-up, taxi and maximum power take-off. | 

2. Accelerate with maximum power to 320 knots (CAS) at attitude of 109, climb with military power 
at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb with military power at 0.9 Mach No. (TRUE) to 
cruise altitude, | 

3. Cruise out at optimum cruise - climb altitude and speed. 

4. 2 minute combat with maximum power. 

5. Cruise back at optimum cruise - climb altitude and speed. 

6. Maximum range descent with idle power, speed brakes closed. 

7. Landing reserve fuel allowance. (1500 158.) 
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presented for the clean configuration, the missions in the external tank config- 
uration are optimized to result in the greatest distance consistent with fuei limitations. The modified 
| | of t ac: F- \ by 38%. The missions shown in the chart profile are baséd 
on the external tanks being dropped when empty. If the external tanks are retained throughout the mission, 
the resultant radius is decreased by approximately 11%. 


The following table is a Summary of the data presented: 


Tactical Modified 
۶۸228. Р-102А_ 
Gross Weight at Take-Off 31,276 33,401 
(Pounds) 


Radius 654 905 
(Nautical Miles) 

Time to Intercept 1 Hr. l Hr. 

17 Min. 50 Min. 

Mission Timo 2 Hrs. 4 Hrs. 

4l Min. 4 Min. 


The outline of the mission for the modified Е-102А follows: 


l. Engine start, warm-up, taxi and maximum power take-off. 

2. Accelerate with maximum power to 320 knots (CAS) at attitude of 10°, climb with military power 
at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb with military power at 0.9 Mach No, (TRUE) to 
cruise altitude. 

3. Cruise out at optimum cruise climb altitude and speed. 

4. Military power climb to clean optimum, cruise - climb altitude. 

2. Cruise out at clean Optimum cruise - climb altitude and speed, 

6. 2 minute combat with maximum pover. 

7. Cruise back at optimum cruise - climb altitude and speed. 

8. Maximum range descent with idle pouer, speed brakes closed. 

9. Landing reserve fuel allowance. (1500 lbs.) 


For the tactical F-1024, omit items (3) and (4), since the external tanks are dropped in the initial 
climb and the climb is continued to the cruise - climb altitude for the clean airplane. 
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DASH MISSION RADIUS 
(Clean Configuration) 


The modified F-102A has а 44% greater radius capability in a dash or minimum time to iütercept mission. 
To the same radius point, the greater rate of climb and increased level flight acceleration of the modified 
F-102A reduces the time to intercept approximately 2 minutes. 


The following table summarizes the data presented: 


Tactical. Modified 
F-102A F-102A 


Gross Weight at Take-Off 28,150 30,275 
(Pounds) 

Radius 120 173 
(Nautical Miles) 

Time to Intercept 12 ib 
(Minutes) 

Mission Tíme 35 44, 
(Minutes) 


The outline of the mission is as follows: 


1. 
2. 


Engine start, warm-up, taxi and maximum power take-off. 
Accelerate with maximum power, to 400 knots (CAS) at attitude of 10°, climb with maximum power 


at 400 knots (CAS) to 0.9 Mach No. (TRUE), climb with maximum power at 0.9 Mach No. (TRUE) to 


Accelerate with maximum power to maximum speed at 35,000 ft. 
Cruise out with maximum power at maximum speed at 35,000 ft. 
2 minute combat with maximum power. 


Military power climb at 0.9 Mach No. to optimum cruise climb altitude. 


Cruise back at optimum crvise climb altitude and speed. 
Maximum range descent with idle power, speed brakes closed. 
Landing reserve fuel allowance. (1500 lbs.) 
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(2-230 Gal External Tank Configuration) | 


ГД 
The modified F=102A equipped with 2-230 gal external wing fuel tanks has a 19% greater radius [i 
capability in a dash or minimum time to intercept mission. The external tanks are dropped when empty since, | 
in this case, they would be used solely to increase the radius and are dropped when empty in order that the 
time to intercept is not penalized. ] 
The following table is a summary of the data presented: 1 
) 
Tactical Modified 
Gross Weight at Take-Off 31,27 С 
(Pounds) 0 
۱ ы 
Radius 207 245 
(Nautical Miles) п 
Time to Intercept 21 19 Ó 
(Minutes) А 
Mission Time 55 57 - 
(Minutes) I 
The outline of the mission follows: 
1. Engine start, warm-up, taxi and maximum power take-off. Е 


2. Accelerate with maximum power to 400 knots (CAS) at attitude of 10°, climb with maximum power 
at 400 knots (CAS) to 0.9 Mach No. (TRUE), climb with maximum power at Q.9 Mach No. (TRUE) to | 
35,000 ft. altitude. М 

3. Accelerate with maximum power to maximum speed at 35,000 ft. * 

4. Cruise out with maximum power at maximum speed at 35,000 ft. | 

5. 2 minute combat with maximum power. | 

6. Military power climb at 0.9 Mach No. to optimum cruise climb altitude. 

7. Cruise back at optimum cruise climb altitude and speed. 

8. Maximum range descent with idle power, speed brakes closed. ۱ 

9. Landing reserve fuel allowance. (1500 108.) 


* Tanks dropped when empty. 
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AREA MISSION RADIUS VS. LOITER TIME 


This chart is presented to: show the rélationship of radius distance (area mission) and loiter time, 
The radius is based on the mission outline as given previously with the Area Mission Radius charts. The 
loiter time is computed at 35,000 feet altitude and 0.7 Mach No. which are the altitude and speed for 
maximum endurance. The end points of each curve correspond to maximum loiter time and/or minimum radius 
for a complete mission with fuel allowances for take-off, combet and landing reserve. 


For the external tabk configurations, 


۱ 1 the data are based оп the tanks being dropped when empty. 
If the tanks are retained, the radius is dec 


reased by 11% and loiter time is decreased by Z, 
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The range of 
60%. The cruise - climb procedure was used rather than cruising at constant altitude because it results 
in more efficient fuel usage and therefore greater distance. The landing reserve fuel allowance is based 
on 5€ of the initial fuel load as в contingency in case of adverse winds, navigational errors, etc., and 
fuel for 20 minutes at maximum endurance (loiter) speed at sea level for holding. 


The following table summarizes the data presented: 


Tactical Modified 
F-102A _Е-102А 


Gross Weight at Take-Off 28,150 30,275 
(Pounds) 


Range 1,015 1,625. 
(Nautical Miles) 


Mission. Time: 2 Hrs. 3 Hrs. 
5 Min. 19 Min. 


The outline of the mission is as follows: 


1. Engine start, warm-up, taxi and maximum power take-off. 

2. Accelerate with maximum power to 320 knots (CAS) at attitude of 10°, climb with military power 
at 320 knota (CAS) to 0.9 Mach No. (TRUE), climb with military power at 0.9 Mach No. (TRUE) to 
cruise altitude. 7 : 

3. Cruise cut at optimum crutse - climb altitude and speed. 

4. Maximum range descent, with idle power, speed brakes closed. 

5. Landing reserve fuel allowance. 
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FERRY RANGE 


(2-230 Cal External Tank Configuration) 


. The chart presented compares the range capability of the modified ۳-02۸ 
external wing fuel tanks. The external tanks are retained throughout the missi 
the range of the modified F-102A exceeds that of the tactical airplane by 40%. 
dropped when empty, the range will increase approximately 13%. This would resul 


for the modified ۳-۰ 


The landing reserve fuel allowance is based on 5% of the initial fuel load plus fuel for 20 minutes at 


speed for maximum endurance (loiter) at sea level. 
The following table is a summary of the data presented. 


Tactical 
_Е-102А_ 


Gross Weight at Take-Off 21,276 
(Pounds) 


Range 1,255 
(Nautical Miles 


Mission Time 2 Hrs. 
36 Min. 


The outline of the mission follows: 


1. Engine start, warm-up, taxi апа maximum power take-off, 


2. Accelerate with maximum power to 320 knots (CAS) at attitude of 10° 


at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb with military powe 


cruise altitude. 
3. Cruise out at optimum cruise - climb altitude and speed. 
4. Maximum range descent with idle power, speed brakes closed. 
2. Landing reserve fuel allowance. 


on. 


with the tactical F-102A with 
The comparison shows that 
If the external tanks are 

t in a range of 1990 n. miles 


Modified 


Е-102А 


33,401 


1,760 


3 Hrs. 
40 Min. 


» Climb with military power 
r at 0.9 Mach No. (TRUE) to 
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F-102A FIGHTER-BOMBER 


INTRODUCTION CONT’D 


the necessary bombing computers and related 
equipment to perform the various bombing 
modes used by present tactical fighters. Two 
"bombing systems " are being considered: 


(1) M-1 plus AN/AJB-1B Bombing System 


This system is currently being used on 
Century series aircraft to provide optical 
toss and low altitude bombing (LABS) capability. 
It is compatible with the F-102A aircraft and 
could be considered as an “off-the-shelf! 
system. 


(2) M-2 Integrated Bombing System 


This system is currently in production 
and will provide all modes of toss and low 
altitude bombing (LABS) including level bomb- 
ing. Drogue chute capabilities can be added. 
Although initial use with the minimum F-102A 
modification will limit this system to optical 
modes, level blind bombing capabilities are 


- 


possible with use of radar. 

In either case the modification can be 
accomplished at depotlevel maintenance and/or 
during IRAN, 


Additional capability. can be Obtained,. if. 


desired, due to the ideal growth potential of 
the F-102A and the more modern weapons, 
Le 


l- In the event the GAR-11 has been incor- 
porated in the center missile bay or 
fewer GARs are to be utilized, fuel can 
be added in the side bays (454 gallons), 

2- Inflight refueling system. 

3- A high resolution Ku band radar can be 
installed with antenna designed for air- 
to-air and air-to-ground search. 


This brochure concerns itself with the 
minimum modification required and the result- 
ing performance characteristics of the F-102A 
aircraft, 
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F-102A FIGHTER-BOMBER 


DESCRIPTION OF MODIFICATION 


For this presentation and in the interest 
of providing adequate optical fighter bomber 
capabilities, the modification to the Е-102А 
is described as the minimum in cost and 
changes required to accomplish the task and 
yet retain and maintain original high effective- 
ness as an all weather interceptor. None of 
the original armament or equipment is to be 
removed. These changes will not affect the 
excellent flying qualities of the F-102A nor 
reduce its capabilities as ап all weather 
interceptor. The proposed changes affect the 
wing, cockpit, and electronic compartment. 

Changes to the wing consist of installing 
4 standard Aero 7A four hook bomb ejector 
rack at BL 64.4 near the leading edge of the 
wing on each side of the aircraft. Non-struc- 
tural fairings are installed around each rack. 
Wing structural reinforcement is required to 
attach the racks to the wings and to provide 

an attachment limit load factor of 5 g's when 
carrying a 2,000 lb. store. All structural work 


to the wing can be accomplished through 
exsiting access doors on the wing lower surface 
and all wiring can be routed through the wing 
leading edge. Stores are ejected from the 
rack. The racks and pylons are non-ejectable 
but may be easily removed on the ground for 
pure interceptor application of the aircraft. 
However, retention of the racks and pylons 
has negligible effect on aircraft performance. 

A control panel for bomb ejection and a 
timer for bombing will be added to the cockpit. 
The control panel will be designed to provide 
for general purpose and special store bombing. 
The existing optical sight will be mounted 
such that it can be utilized for optical bombing 
as well as air-to-air firings. 

Either the M-1 and AN/AJB-1B or M-2 
bombing system computers can be added to 


the electronics compartment. Adequate space 


and environment control is available for such 
an installation. 
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F-102A FIGHTER-BOMBER 


BOMBING CAPABILITY 


The MA-1 portion of the combination M-1, 
AN/AJB-1B bombing system will provide first 
release, ground burst, optical dive toss capa- 
bility with dive angle limits of 7 to 75 degrees. 
Maximum operating altitude is 20,000 ft., over 
pressure altitude - 50,000 ft. and operating 
air speed limits of 0.3 to 0.9 Mach. The 
M-1 computer provides automatic bomb release 
during pull out from a dive. The pilot fixes 
the target in the optical sight during a dive, 
depresses the "pickle button" at Ше appropriate 
time, executes a wings level pull out and the 
computer will release the bomb automatically 
at the proper time. 

The AN/AJB-1B portion ofthe combination 
M-1, AN/AJB-1B bombing system will provide 
first or second release low altitude approach 
(LABS) maneuver bombing capability. An ap- 
proach is made at any convenient low altitude 


with the target "Їїхед" in the optical sight. 
The approach path must pass over an identifica- 
tion point (IP) at a known distance from the 
target and at a constant air speed. At or 
after a predetermined time past the IP, the 
pilot executes a predetermined constant normal 
acceleration wings level pull out, 

During the pull out the pre-selected first 
or second release will occur automatically as 
programmed by the AN/AJB-1B computer. 

The M-2 integrated bombing system is 
capable of first or second release dive toss, 
first or second release LABS, over-the- 
shoulder, level release, level blind bombing 
using radar and ground or air burst. Drogue 
capabilities can be added with little complexity. 
Maximum operating altitude is 36,000 ft., over 
pressure altitude 90,000 ft. and air speeds 
limits are 0.5 to 1.6 Mach. 
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F-102A FIGHTER-BOMBER 


BOMB LOADING CAPABILITY 


GROSS 

OUTBOARD INBOARD MISSILE INBOARD OUTBOARD WEIGHT 

RIGHT RIGHT BAY LEFT LEFT POUNDS 
6 FALCONS 


230 GALLON 
FUEL TANK 


6 FALCONS 230 GALLON 
FUEL TANK 31,276 


6 FALCONS 230 GALLON 


24 ROCKETS 


750 POUNDS 
BOMB 


750 POUNDS 
BOMB 


1000 POUNDS 
BOMB 


2000 POUNDS 
BOMB 


750 POUNDS 
BOMB 


750 POUNDS 
BOMB 


1000 POUNDS 
BOMB 


230 GALLON 
FUEL TANK 


230 GALLON 
FUEL TANK 


230 GALLON 
FUEL TANK 


230 GALLON 
FUEL TANKS 


230 GALLON 
FUEL TANK 
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6 FALCONS 
24 ЁОСКЕТ5 


6 FALCONS 
24 ВОСКЕТ5 


6 FALCONS 
24 ROCKETS 


2000 POUNDS 
BOMB 


230 GALLON 
FUEL TANK 
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F-102A FIGHTER-BOMBER 


RUNWAY REQUIREMENTS 


TAKE-OFF 
WITH: 


(2) 750 POUND BOMBS, 
(6) MISSILES, AND (24) ROCKETS 


GROUND RUN 

DISTANCE ra ورک‎ ова بے صاع‎ a ®2500-РЕЕТ 

TAKE-OFF 

VELOCITY. . . . . 2.5.2 + + + + = 143 KNOTS 

DISTANCE OVER 

50 FOOT OBSTACLE ............ 4450 FEET 
LANDING 


DISTANCE OVER 


50 FOOT OBSTACLE . . ....... . · · -5000 FEET 
TOUCH-DOWN 
VELOCITY... . . 0... 0. 138 KNOTS 


GROUND ROLL 
WITH DRAG CHUTE. . . ۰۰ + + + + + + + 2000 ЕЕЕТ 


“ 


DUE TO THE LARGE DELTA WING, THE TAKE-CFF DIS- 
TANCE OF THE Е-102А FIGHTER BOMBER IS APPROXI- 
MATELY 1000 FEET" LESS THAN SIMILAR FIGHTER 
BOMBER AIRCRAFT IN SERVICE TODAY. THIS COMP ARI- 
SON IS MADE WITH THESE AIRCRAFT CARRYING TWO 

750 LB BOMBS AND FUEL FOR EQUIVALENT MISSIONS. 

IN ADDITION THE Е-102А IS ALSO LOADED WITH 1200 
POUNDS OF AIR-TO-AIR ARMAMENT (SIX MISSILES AND 

24 ROCKETS). THIS SHORTER TAKE-OFF DISTANCES 
MEANS THAT APPROXIMATELY 50% MORE HARD SURFACE 
RUNWAYS IN THE FREE WORLD ARE AVAILABLE FOR USE 
WITH THE F-102 FIGHTER BOMBER THAN COULD BE USED 
WITH CONTEMPORARY TACTICAL AIRCRAFT. 


* REFERENCE - USAF PILOT'S HANDBOOKS 
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F-102A FIGHTER-BOMBER 


HIGH-LOW-HIGH MISSION OUTLINE 


Configuration: F-102A plus (2) 230 Gal, External Tanks and (2) 750 Lb. Bombs 


1- Warm up, take-off and accelerate to climb speed 

2 - Operational climb - Military Power 

3 - Cruise at optimum speed (Mach 0, 90) and altitude 
4 - Drop external fuel tanks (when empty) 

5 - Descend to sea level 

6 - Run in to target at Mach 0.80 (when applicable) 

7 - Drop weapon 

8 - Run out from target at Mach 0.80 (when applicable) 
9 - Operational climb ~ Military Power 

10 - Cruise home at optimum speed (Mach 0, 90) and altitude 
li - Descend to sea level 

12 - Land with 1, 000 pounds of fuel reserve 


Radius Without External Tanks 


| No Кип In or Out 390 Nini 


50 Nmi Run in and Out 240 Nmi 
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F-102A FIGHTER-BOMBER 


LOW-LOW-HIGH MISSION OUTLINE 


Configuration: F-102A plus (2) 230 Gal. External Tanks and (2) 750 Lb. Bombs 


1% 
2- 
Зе 
45 
5 - 
6 - 
7 - 
8 - 
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Warm up, take-off, and accelerate to economical sea level cruise speed 
Cruise at optimum speed (Mach 0. 45) at sea level 

Drop external tanks (when empty) 

Run in to target at Mach 0.80 ( when applicable ) 

Drop weapon 

Run out from target at Mach 0. 80 ( when applicable ) 

Operational climb - Military Power 

Cruise home at optimum speed (Mach 0. 80) and altitude 

Descend to sea level 

Land with 1, 000 pounds of fuel reserve 


Radius Without External Tanks 


No Run In or Out 315 Nmi 


50 Nmi Run In and Out 250 Nmi 
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TER-BOMBER 


F-102A FIG 


INTERCEPT MISSION OUTLINE 


Configuration: F-102A plus (2) 230 Gal. External Tanks 


1- Warm up, take-off and accelerate to climb speed 

2 - Operational climb - Military Power 

3- Drop external tanks when empty 

4 - Cruise at optimum speed (Mach 0.90) and altitude 

5 - Combat at cruise altitude for 3 minutes at maximum power 
6 - Cruise home at optimum speed (Mach 0.90) and altitude 


7 - Descend to sea level 


8 - Land with 1, 000 pounds of fuel reserve 
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F-102A FIGHTER-BOMBER 


LOITER MISSION 


Warm up, take-off and accelerate to climb speed 


Operational climb - Military Power 

Drop external tanks when empty 

Cruise at optimum speed (Mach 0. 90) and altitude for a given distance 
Loiter at optimum speed and altitude for maximum time 

Combat at cruise altitude for 3 minutes at maximum power 

Cruise home at optimum speed (Mach 0. 90) and altitude 

Descend to sea level 


Land with 1, 000 pounds of fuel reserve 
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F-102A FIGHTER-BOMBER 


FERRY MISSION OUTLINE 


Configuration: F-102A plus (2) 230 Gal. External Tanks 


1 - Warm up, take-off and accelerate to climb speed 


2 


Operational climb - Military Power 


со 
۱ 


Cruise at optimum speed (Mach 0. 90) and altitude 
4 - Descend to sea level 


Land with 1, 000 pounds of fuel reserve 


сл 
1 


S3 ۱۱۷۷ N ° 33۲ ۵ 


ALdW3 мана 
013 4 0 ۶ 1 ۷ L 


ات له نج зъзозча NOISSIN‏ 


чзаиосевнал неща узора 


- 3001۱1 ۴ 


L4 0001 


(272521 Гоол ге £o 


C LL (2 E Low GI E 


fais 


22 


желе} 


Lo [шш Ë 


X 


feo 


Са 7% 


fe: 2a 


Сат A ETA Га 


[524 


£701 r 1 


ec 


0502 17104 5۵ 
0404 313۷۲1590 ,0S ۵ 
JONY ла ۷۲ 1 


| пау У A334 


(55МУ1 НИМ) $ ПУХ HOIH ЖОЛ нон 


00076 00865 (2/4 NIW/L4 005) 3 


0|۳ 0066 312У1580 ,0< 0 
0952 0022 Nfl?! ампоно 
331۷۲1916 430-3۷ 


00 62 | مھ‎ | 1НЭ!ЗМ 55089 2۱ 0-۷ 1 


۶9۷۷09 97 054 (с) + 
(1LN3WVWaVv 0 1 9323 ем ним) (LNJ3WVW3VY нали) 
81388۷09 ЕВЕ ۱ 014 ۱ 
۷0۱-3 АДЕ 


48 
19' 


5 
1 


Жауап SAONVNYOAYSd 


мсозгаэныэ.н узора‏ 3 کے 


1 [1 CL. 1 


Гг 


m.a 


"à 


CONVAIR 
A Division of General Dynamics Corporation 
(San Diego) 


WORK STATEMENT 
FOR 
Е-102А MODERNIZATION PROGRAM 


CONVAIR REPORT 58-2-20 


SECURITY NOTICE 
THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE 
NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE 
MEANING 2. THE ESPIONAGE LAWS, TITLE 18,' 11.5.0., 
SECTIONS 793 AND 794, THE TRANSNISSION-OR 
REVELATION OF WHICH IN ANY MANNER TO AN 
UNAUTHORIZED PERSON IS PROHIBITED BY LAW. 


Classification Changed to: 


UNCLASSIFIED 

Authorized by: SAAMA Data 12-18-08 
DD 254 KELLY АРВ ТӘЖ, 

Reclassified by: Dept, Bata 


7 Флор: ۶ 8-4-67 
ive » i deut 


Prepared By: AIRCRAFT CHANGE SERVICE 
19 January 1959 


> 
š 
M 


Er- 


1.3 


CONVAIR REPORT 


58-2-20 
WORK STATEMENT 
FOR 


۳-102۸ MODERNIZATION PROGRAM 


GENERAL DESCRIPTION OF AIRCRAFT AND SERVICES: 


This proposal consists of a delineation of tasks necessary to modern- 
ize the Р-102А aircraft. Modernization of the aircraft (relating to 
this proposal) will include modification to install an increased per- 
formance engine, a slotted wing leading edge, and outer missile bay 
fuel tanks. Modification to this extent will provide the F-102A air- 
craft with an aerodynamically "cleaned" wing, and increased performance 
in both speed and range. | 


Ihe F-102A aircraft, & supersonic interceptor, is powered by & Pratt 
and Whitney J5T-P-23 engine. This engine, which represented the best 
"state-of-the-art" engine compatible with the F-102 airframe has per- 
formed satisfactorily within the scope of its capabilities. However 
with the subject engine full capabilities of the airframe have not been 
attained. 


Recently Pratt and Whitney announced the development of an advanced 
performance engine (7130-24) which, with minor airframe modifications 
will be compatible with the F-102. The performance rating of this 

engine is 10,7004 Military Power; 18,000 W/Afterburner Power. After 
careful evaluation of all factors involved, the Contractor recommends 

the installation of the JT3C-2h engine in F-102A aircraft. The recomm- 
endation is based, primarily, on the early availability of the -24 engine 
for all phases of the modernization program. (Performance increases and 
engine availability are noted in Figure 1.) 


The leading edge of the F-102 "delta" wing has a 60° angle of sweepback. 
А major disadvantage of swept wings is that the boundary layer on such 
wings tends to flow in a spanwise direction in the subsonic range. The 
explanation of this phenomenon is that there is a spanwise pressure grad- 
ient on a swept wing that tends to move the boundary layer toward the area 
of lower pressure; the boundary layer will tend to flow toward the tips. 
The flow toward the tips thickens the boundary layer at the tips and at 
the same time lowers its energy level, with the result that unless correc- 
tive action is taken the tips will stall first, 


The spanwise flow of the boundary layer may be impeded by the installation 
of stall fences that extend from the leading edge toward the trailing edge 
of the wing parallel to the plane of symmetry of the aircraft, effectively 
preventing spanwise boundary layer flow. It may be noted however, that 
while effectively preventing the spanwise flow of the boundary layer, the 
installation of fences present problems of drag and maintenance. 


Recent aerodynamic studies have shown these problems may also be eliminated 


by the installation of "slotted" leading edges. The slotted edge performs 
the same function as the mechanical fence by allowing positive pressure air 
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GENERAL DESCRIPTION OF AIRCRAFT AND SERVICES: (continued) 


to pass through the slot and over the upper surface of the wing forming 
a weightless air fence. 


As in the case of the new engine installation, slotted leading edges may 
be installed on F-102 aircraft with a minimum of modification, maintenance 
will be eliminated and increased performance will be obtained. 


Recent communications, with using activities, have indicated a need for 
an increased range capability in the F-102A aircraft. Certain missions 
indicate a maximum radius is desirous along with a reserve fuel supply 
of 2000 lbs. Several configurations of the Р-102А have been studied to 
provide & vehicle that will meet these conditions. 


After evaluation of various factors it is recommended to increase the fuel 
capacity by the installation of four tanks (454 gallons capacity total) to be 
located in the outer missile bays. The fuel system would be pressurized 

and the outer missile bay doors replaced with fairings. Armament would 
consist of two GAR missiles located in the center bay. 


The proposed modernization program is presented in three phases. Seperate 
"Area" cost estimates are included for each individual phase or combination 
of phases to permit the selection, by the customer, of the most advantageous 
program. 


Phase one will include development design and testing. Flight testing of 
one Ғ-102А aircraft modified to the proposed configuration is included in 
the task outline for this phase. 


Phase two is Contractor Modification of subject aircraft utilizing Convair 
facilities and personnel. 1% is proposed the modification be accomplished 
concurrent with Customer IRAN inspection on lots of 100, 200, 300, or 400 
aircraft. 


Phase three is modification accomplished by USAF utilizing Convair furnished 
kits and advisory personnel. Number of aircraft involved is same as para- 
graph 1.5.2 above. 

TERMS AND CONDITIONS: 

Assumptions 


The tasks outlined for the F-102A Modernization Program are based on the 
following assumptions. 


A/C modified for flight test evaluation will have installed engine runs 
performed prior to fly-away. 


Pratt and Whitney will supply engine nozzle co-efficient curves which 
include the thrust component of the divergent nozzle. 


Special test equipment peculiar to the new engine will be supplied by 
Pratt and Whitney. 
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PERFORMANCE IMPROVEMENT 


Present Config, Modernized Config. 
Weight | 
Empty 19, 190# 19,216% 
Take-Off 28,150# 30,2754 
Take-Off, W/Ext. Tanks 31,276# 33,401# 
Fuel 7,053% 10,0044 
Fuel, W/Ext. Tanks 9,848# 12,799# 
Armament 1,194# 4,908 
Mach Number, Мах, @ 35,000! 1.15 1.5 


Mission Radius 
Subsonic 420 N. Mi. 720 М. Mi. 
Subsonic, W/Ext. Tanks 650 N. Mi. 920 N. Mi. 


Take-Off Distance 
Over 50' Obstacle 3,780! 3,470! 
Over 50! Obstacle, W/Ext. Tanks 4,400! 4,020" 


Climb to Altitude 
W/AB Power 
40,000! 3 
50,000! 6 
W/Ext. Tanks 
40,000! 4% 
50,000! 8 
W/Military Power 
35,000! 11.5 Min. 
35,000', W/Ext. Tanks 15,8 Min, 1 


* External tanks dropped when empty. Fuel reserve is 1500 pounds, 


ENGINE AVAILABILITY 


JT3C-24 Engine G/A 12 3 4 56 78 9 10 11 12 13 ۸ 
Mock-Up Engine X---X 
Test Stand Engine  ——M——Ó ЈЕ 
Flight Test Engine Х----------------------------------Х 
Incorporation Point досым بے مر مو ےو سو سے اس ہے‎ eee ey 


FIG.1. 
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TERMS AND CONDITIONS: (continued) 


Ground support equipment peculiar to the new engine will be supplied 
by USAF or Pratt and Whitney. 


An F-102A aircraft will be bailed to the Contractor for the flight 
test program. 


Contractor will receive permission to fly the flight test А/С at 
maximum speeds for the new configuration. 


Contractor will receive USAF authorization to enter any flight condition 
prohibited by limitations existing at time of test program. 


F-102A A/C to be flight tested will have complete fire control system 
installed when delivered to Convair. (Some components will be removed 
to &ccommodate instrumentation recording devices.) 


Convair will be ргоуійед ground handling equipment and operational spares 
at Convair facility Edwards AFB during flight test program. 


Exclusions 


The following items are specifically excluded from this proposal and if 
required will be the subject of additional negotiations. 


Demonstrations of tactical capabilities of improved ۰ 

Flutter or buzz testing to extend F-102A flight envelope. 

TASK OUTLINE: 

PHASE ONE TASKS (Research, Development Design, and Flight Test) 

Data Collection for Installation of Pratt and Whitney JT3C-24 Engine. 
Aerodynamics | 


Provide general technical, design and pre-design support including 
performance data. 


Revise performance characteristics for SAGE missions. 


Conduct studies and analyses to support SAC charts, handbooks and 
substantiating data reports. 


Dynamics 


Provide design data and coordination with design and other technical 
groups. 


Conduct study of engine duct and provide design parameters to propul- 
sion group. 
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TASK OUTLINE: (continued) 
Thermodynamics (System Analysis) 


Air Conditioning 


Analyze air conditioning system performance within the new airplane 
performance envelope. 


Provide new bleed pressure and temperature data. 

Propulsion System 

Calculate partial afterburner performance. 

Conduct complete non-standard day calculations. 

Analyze inlet performance. 

Provide propulsion system bleed pressure and temperature data. 


Electronic Cooling and Missile Compatibility 


Determine MG-10 cooling performance during hot and standard day conditions 
at "V" maximum and military power speeds at all altitudes. 


Determine missile bay environment for flight conditions and compare with 
missile environment limits. 


Anti-Icing System 
Check engine nose bullet and inlet guide vane anti-icing system design. 


Engine Cooling System 


Size and match secondary airflow ducts. Calculate secondary airflow and 
pressures, Determine Nj bleed requirements. 


Determine adequacy of air-oil cooler with the present cooler and the new 
ducting over the extended flight envelope. 


Determine adequacy of accessory cooling on ground and in flight. 
Generator Cooling 
Determine adequacy of generator cooling within the new flight envelope. 


Engine/Structural Temperature And Engine Test 


Determine engine and structure temperature characteristics with new engine 
and new flight envelope. 
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3.1.2.1 


3.1.2.2 


3.1.3 
3.1.3.1 
3.1.4 


3.1.5.1 


3.1.5 


3.1.5.1 


TASK OUTLINE: (continued) | 
Analyze effect of new shroud-engine arrangement. | 
Plan instrumentation for F-102A engine static test stand. 

Coordinate program for obtaining engine trim curves. \ 
Participate in engine test program and apply data taken on engine and | | 
structural temperatures, CSD, generator, ejector, and accessory compartment 
temperature. 

Mock-Up and Testing for Installation of Pratt and Whitney JT3C-2h Engine. 
Mock-Up 

Revise metal mock-up for new engine installation. 

Engine Testing 


Perform 50 hour engine ground test run to provide & complete temperature, 
pressure and air flow survey of the new engine. 


Conduct pre-installation run of each production engine for six aircraft. 
Development Design for Installation of Slotted Leading Edge Wing. 
Provide modification drawings to install wing leading edge slot. 
Development Design for Installation of Missile Bay Fuel Tanks. 


Provide modification drawings to arrange installation of four missile bay 
fuel tanks. Revised engineering will include - 


Fuselage, in area of missile bays; 

Pneumatics, in area of air flasks; 

Wing, at forward wing tank and closing rib; 

Fuel system, from missile bay tanks to wing tanks; 

Electrical, in area of missile bays. 

Furnishings: Provide lights for missile bay fuel warning in cockpit. 


Flight Test Program 

Flight test program will be conducted at Contractor facility Edwards 
AFB and entails a limited performance evaluation, structural cooling 
adequacy determination, and over all aircraft/engine flight charac- 
teristics. Test program will be performed during a four month period 
after receipt of the fully instrumentated A/C at Edwards AFB. 

Flight Test Program Data Analysis and Reporting 


Submit flight test program to USAF three months prior to initiation. 
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3. TASK OUTLINE: (continued) 


Submit instrumentation specifications and reports to USAF one month 
prior to test program initiation. 


Analyze data taken during flight test program and submit reports to 
USAF within three months after completion of tests. 


Note; Certain anticipated data requirements from Pratt and Whitney 
will be analyzed and reports submitted to USAF with coples 
to Pratt and Whitney. 


3.1.5.2 Contractor will prepare instrumentation calibration procedures and 
design any necessary instrumentation calibration jigs or fixtures 
for flight test program. 


3.1.5.3 Contractor will modify the A/C, install, calibrate, and check-out 
instrumentation. 


3.1.5.4 It is anticipated the following instrumentation will be required. (Final 
instrumentation requirements will be outlined in the Instrumentation 
Specifications)(Ref. Para. 3.1.5.1). 


Pressure Pick-Ups (18) 

Indicators (№) 

Temperature Comutator (1) 
Temperature Indicator (1) 
Miscellaneous End Instruments (25) 
Flight Safety Panel (1) 

Data Correlation System 7 
26 Channel Oscillograph (2 
Galvanometers (52) 

12 Hole Photo Panel (1) 
Camera (1) 

Instrumentation Control Panel/Associated Equipment (1) 
Wiring and Plumbing as necessary 

Spares 


3.1.5.5 Flight Test Objectives 


Evaluate aircraft handling characteristics under various missile bay 
loading configurations. 


Acquire pilot qualitative evaluation of fuel transfer sequence operation. 


Acquire pilot qualitative evaluation of cockpit technique for in-flight 
fuel management, 


Acquire data to extend drag polar of basic A/C under the increased gross 
weight configurations. 
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3.2.1.3 


3.2.1.4 


TASK OUTLINE: (continued) 


Contractor anticipates approximately six data measurements requested 
from Pratt and Whitney during the flight test program. 


PHASE TWO TASKS (Contractor Modification of Aircraft) 
Modification Necessary for Installation of Pratt and Whitney 7۳30-21 Engine. 
Engine Cooling System 


Fabricate and install new shroud compatible with new engine. Provide ram 
air for C-D nozzle. 


Install new Nj bleed air system to meet requirements of the new shroud. 
Oil System 


Fabricate and install a new oil cooler installation, as necessary, to 
fit the new engine. 


Fabricate and install new oil pressure switch installation, due to re- 
location of port on engine. 


Fabricate and install relocated recirculating valve and filter installation 
to accommodate new engine. Latest type filter will be used. Relocate 
filter access door. 

Fabricate and install new oil line quick disconnect installation. 

Install new oil breather installation. 

Fuel System 


Fabricate and install a new engine pump low pressure warning switch 
installation. 


Air Intake System 
Fabricate and install new engine stub duct. Eliminste provisions for 
drain strut and incorporate a larger scroll having additional air take-off 


for shroud. 


Fabricate and install new duct from scroll to shroud to provide additional 
cooling air. 


Install oil cooler inlet duct to fit new cooler installation. 


Fabricate and install patch over strut hole in nose cone. 


CONFIDENTIAL 
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3. TASK OUTLINE: (continued) 

3.2.1.5 Tubing Revisions 
Reroute bleed governor drain line. 
Reroute engine fuel and oil drain line. 


Reroute CSD oil lines to accommodate relocated recirculating valve and 
disconnects. 


Revise hydraulic pump hoses and tubing as required. 
Provide new engine plumbing drawings. 
3.2.1.6 Fuselage Revisions 
Redesign tail cone frame - Station 693.0 
Revise upper engine mount beam to accommodate increased engine thrust load. 
Revise ballast provisions as required. 
3.2.1.7 Instrument System 
Revise instrument range markings to be compatible with new engine. 
3.2.1.8 Starting System 


Replace air motoring relay with one compatible with Hamilton - Standard 
starter. : 


3.2.2 Modification Necessary for Incorporation of Wing Slotted Leading Edge 


3.2.2.1 Remove the complete inboard fence and plug holes in the wing structure 
and in the leading edge. 


3.2.2.2 Remove leading edge section at the outboard fence and replace per the 
modification drawing (ref. Para. 3.1.3.1). 


3.2.2.3 Remove the aft portion of the outboard fence and plug holes in the wing 
structure. 


3.2.3 Modification Necessary for Installation of Missile Bay Fuel Tanks: 
3.2.3.1 Armament System 

Remove missile bay door actuating cylinders in outer bays. 

Remove outer missile bay doors. 

Remove outer missile bay launching mechanisms. 


Install launcher down switch on forward and aft center bays. 
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TASK OUTLINE: (continued) 

Install center bay door closed switch. 

Electrical System 

Remove electrical equipment required for operation of missiles in outer bays. 
Remove aft launcher disconnect panel and switches inside bays. 

Install wiring and circuit breakers for fuel low level and pressure switches. 
Install wiring for revised armament system and pressurization solenoids. 
Revise armament circuit to fire GAR missiles. Add jumper wires to replace 


switches. Add wires to center door closed switches (relocated from outer 
doors), and connect forward and aft launcher down switches. 


Pneumatics System 


Revise system to reflect removal of side missile bay doors and launching 
actuating requirements and raise air flasks approximately 1.5 inches to 
clear missile bay fuel tanks. 

Electronics System 


Coil and stow (remove only if necessary) approximately 20 harnesses (4 
harness and 16 co-axial cables) and install dust covers to all disconnected 
plugs. 


Fuel System 
Install fuel tanks inside outer missile bays. 


Revise refueling system to provide line to missile bay area. 


Revise fuel vent system to allow tank venting into existing vent line and 


install fuel transfer system and vent system from missile bay tanks to 
forward wirg tanks. 


Install fuel transfer-refuel system from existing refuel line to missile 
bay tanks. 


Install fuel transfer system and vent system from missile bay tanks to 
forward wing tanks. 


Install pressurization system for tanks and revise existing system for an 
air source. 


Install fuel low level switches in missile bay tanks. 
Install low pressure warning switches (2). 


Install control valves and miscellaneous check valves. 
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TASK OUTLINE: (continued) 
Wing 


Rework closing rib to allow for passage of fuel vent lines and fuel 
transfer lines into the forward wing tank. 


Fuselage 


Modify missile bay beams locally to provide for fuel tank supports and 
for routing fuel lines and tank access. 


Modify bulkhead at station 405.75 to allow passage of transfer refuel 
Line. 


Modify skin at station 360 (approx.) WL-16 on both sides, to allow 
passage of fuel transfer line into wing forward tank. 


Modify skin at wing leading edge МІ,-16 for passage of tank vent lines. 


Replace missile bay doors with skin fairing panels incorporating necessary 
access doors. Pick up existing hinges. 


Furnishings 
Install missile bay tank pressure light in cockpit. 
Install missile bay tank low level light in cockpit. 


PHASE THREE TASKS (USAF Modification with Convair Kits and Advisory 
Personnel) 


Convair will fabricate and ship to USAF parts kits necessary to accomplish 
F-102A Modernization Program. 


Convair will supply advisory personnel upon USAF requést. 
GOVERNMENT FURNISHED EQUIPMENT 


The following equipment necessary for incorporation of this program will 
be government furnished. 


Pratt and Whitney 4730-2 engine. 
Engine oil system recirculating valve. 


MAN-HOUR ESTIMATES 


Upon completion of sufficient engineering to determine the requirements, 


the Contractor will, at the request of the Customer, furnish man-hour estimates 


for the accomplishment of Phase Three. 
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РЕМ, JT3C-24 ENGINE IN CONVAIR F-102A AIRCRAFT 
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WING SLOTTED LEADING EDGE IN CONVAIR F-102A AIRCRAFT 
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MISSILE BAY FUEL TANKS INSTALLED IN CONVAIR Ғ-102А AIRCRAFT 
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CONFIDENTIAL M F-102A ENGINE CHANGE 


INTRODUCTION 


The object of this study of the engine change procedure for F-102A aircraft has been to 
furnish the United States Air Force with a system providing the greatest ease of engine change com- 
bined with the greatest mobility and minimum supply problem at a cost that would not preclude the pur- 
chase of sufficient equipment to adequately support the F-102A. 


The fundamental problem of engine change procedure for this airplane is one of align- 
ment. Due to the size of the engine (approximately 20 feet in length and 4 feet in diameter) and the 
small clearance (approximately 1/2 inch) between the engine and fuselage installations, the problem 
can be solved only by performing the engine change on a steady platform. Because of anticipated con- 
ditions of rough terrain and tire deflections occurring during the time the engine is being installed or 
removed from the fuselage, it was planned to stabilize the airframe and engine-change stand with air- 
craft jacks. The use of guide rails (engine replacement tracks) attached to the airframe and the engine- 
change stand then effects a single steady platform on which to position the engine, either in the airplane 
or on the engine-handling dolly. Although radical in approach, certain advantages in speed of operation, 
safety to personnel, and a reduction of equipment required accrued from this plan. 


The propulsion system utilized by the F-102A airplane consists of a Pratt and Whitney 
J57-P11 gas turbine with afterburner. Engine air is supplied through a split duct arrangement with in- 
lets located on the sides of the fuselage adjacent to the pilots' compartment. A rigid engine mounting 
system is provided which incorporates take-up fittings on the mounts. 


On the following pages are shown 10 of the various methods for engine change studied. 
Each of the methods has advantages. These advantages, together with disadvantages, are listed and 
discussed. For purposes of comparison in the study, the engine change method demonstrated at the 
F-102A Mock-up Board meeting; i.e., Method F of this Study, is used as a comparison inasmuch as 
the system is in being and has been demonstrated to Air Force personnel, 


Note 


All drawings of equipment herewith presented, 
although to scale, are simplified for diagrammatic 
purposes as this presentation deals with methods 
involved rather than equipment in detail. 
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1 Remove tail cane. 

2 Insert nose фас ло bar assem 
bly at fuselage Station .125 and 
install wing jack pad assem- 
blies. 

3 Plece USAF B-6 jacks in 
position, 
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d Ja pr irpla ane - minimum jock- 
wired is. 4 inches ог 
yn nil MEG struts ure extended 


$ inches and nose londing 
дваг strut i xtended 5.5 
inches, 
5 рази engine replocement 
7» tracks. 
TN, 6 Rol stand in pi set n. Alig 
x کی‎ = and connect stand to tracks, 
ЕГЧ >< ۱ 7 Disconnect ihe four engine. 
Ces N | mounts and necessary plumb- 
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Method A Engine Removal - U.S.A.F. Jacks and High Stand 
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CONFIDENTIAL M F-102A ENGINE CHANGE 


(1) Remove: teil cone, 
(2) Install jacking bor at Station 
125 and instul wing jack 
pads. 
(3) Position USAF jacks and jack 
aircraft a minimum of four 
inches or until the MLG strut 
is extended 6 inches ond the NLG 
NLG strut is extended 5,5 
inches, 
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(4) Install engine change trocks. 
(5) Position "А" frome and place 
‘engine stand under "“А”” frama. 

(6) Lift engine stand ond 
ottach fo "А" frame. 

(7) Align "А" эй, tracks with 
tracks in aircraft. 
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{8) Withdraw engine onto engine 

stand with cable winch. 

(9) Disconnect engine removal 
stund fram "А" frame. 
(10) Using winch on “А” frame 

| lower engine and stond. 
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1 Remove teil cone, 

2 Install win ng jeck. pads. 

3 Position win а jacks, 

4 install nose strut compression 
clamp: to prevent compre. Анун 
of nese strut. 

5 Instell nose tire stabilizotioi 


blocks to Би vent deflection “dl 
nose tir 
$ In ا فرح‎ n landing gear 


scissors tension clamps to 
prevent extension of MLG 


ce ju position and 
rear „ар! 
е that the is 
tension clamps are positioned 
d functioning properly 
|| 8 Install engine change tracks. 
Position high stand and 
+ | : V : 574574) engage engine (таи tracks. 
2552 [ 
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9 Withdraw engine with cable 
winch 
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20” 
15 1. Install nose jacking bar and 
I wing jack pads. 
سس سس‎ 2. Position SE 0581 jacks and 
jack airplane sufficiently to 
clear landing аваг ۰ 
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7. Р engine stand ond oliy 
and attach tracks. 
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()) Remove tail cone. 

(2) Insert nose jacking. bor 

assembly at fuselage Station 

125 and instoll wing jeck 

pad assemblies, 

(3) Place USAF B-6 о: Convair 
SE 0581 jocks in position, 
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(4) Jack airplane - minimum 
jocking required four inches 
or until MLG strut is 
extended 5.5 inches, 

(5) Instoll engine: replacement 
tracks. 

(6) Roll stand into position. 
Align and connect engine 
stand to tracks. 

(7) Disconnect engine mounts 
and necessory plumbing: 

ond electrical соппесНой5, 
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F-102A ENGINE CHANGE 


- Remove toil cone. 
2. Insert nosé jacking. ber 
assembly at fuselage 
Statign .125 and install 
wing jeck pod assemblies. 
. Place U,S.A,F, 8-6 о 
Convair SE 0581 jacks in 
position. 


~ 


К IN NZD 


ЖАА, 


AIX 


4. Jack airplane - minimum 
jacking required is 4 inches 
or until: MLG. struts. are. ex- 
tended 6. inches and nose 
lending. gear strut’ is ex- 
tended 5.5 inches. 

5. Insert engine seplocament 
trocks. 

6. Roll sub-stand in position 
end place: engine. work 
Stand on süb-stand. 

7, Align und connect stand 


К AR Zi 


S д 
LIN NNI 


E тыс.) 


8. Disconnect the. four engine 
mounts and necessary 
plumbing and electrical 
connections. 

. Withdrow engine using the. 

cable winch. 


мэ 


Method Н Engine Removal - U.S.A.F. ог Convair Jacks, Low and Sub-Stands 
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F-102A ENGINE CHANGE 


(1) Remove tail cone. 

(2) Insert nose jocking bor assambly at 
fuselage station 125, and install wing 
jack pad assemblies. 

13) Place U.S. A. F. 6-4 jacks in position. 


(4) Insert: engine replacement tracks. 

(5) Jack airplane «minimum: jocking. required 

із 4 inches.or until MLG: shock struts 

ага extended 6 inches and NLG shock 

strut is extendad 5.5 inches. 

(6) Rellmulti-position engine stond into position. 

) Raise stand to high position, align and 
connect stand to tracks. 


(8) Disconnect the four angine maunts and 
necessary plumbing ond electrical connections. | 
(9) Withdraw engins using the cable winch on stand. 
(10) Lower stond"with engins installed tò the low 
position. | 


Method I Engine Removal - U.S.A. Е. Jacks and Multi-Position Engine Removal Work Stand 
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CONFIDENTIAL سے‎ ۲-۱02۸ ENGINE CHANGE 


SUMMARY 


Subsequent to the F-102A Mock-up Inspection Board meeting, Convair was requested to 
conduct a study to provide "simplification of presently proposed procedure for engine installation and 
removal in order to preclude landing gear retraction for this purpose. Points to consider are: 


1, Nose gear stabilization by scissors. 

2. Afi fuselage stabilization by two standard USAF B-6 jacks at regular wing pad jack 
points. 

3. Two-position engine dolly or hydraulic or mechanical means to position. Use eleva- 
tor frame work of some available USAF jet engine dolly; e.g. F 52274 base or equal. 

4. Elimination of jacking by tying stand and aircraft together." 


Items 1 and 2 are shown under Method E. 


Item 3 was investigated and preliminary layouts made to determine the feasibility of using 
the F 52274 engine dolly. It was determined that due to extensive rework required the use of the F 52274 
engine dolly was impractical for use on the F-102A. A two position stand is described in Method I. 


The elimination of jacking by tying airplane and engine stand together (Item 4 above) 
would result in the addition of structure to the aircraft with consequent addition of weight and reduction 
of performance. The addition of structure at the tail cone attachment of sufficient magnitude to with- 
Stand the buckling loads would add considerable weight and would predicate the design of the aircraft 
on the engine change procedure rather than on the flight loads. 


The foregoing study presents the methods of engine change recommended by Convair and 
WADC personnel. The advantages and disadvantages of these methods are given in order that the rela- 
tive merits of the various systems can be evaluated. 


_  When.considering the engine change procedure, Convair set up the following require- 
ments for these procedures and equipment: 


1, The engine should be changed in the shortest practicable time. 
2. The necessary equipment should be held to a minimum. 
3. If possible, the equipment should serve more than one purpose, 
4. All equipment used for the engine change procedure should be readily air transport- 
able. 
5. All equipment should be simple in design and readily adaptable for production. 
CONFIDENTIAL 
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RADAR ALTIMETER ÀN/APN-22 


ADD PROVISIONS ron RECON VERSIONS 


RADAR WARNING RECEIVERS/RECORDERS 


5 RECON CAMERAS(9X9) FILM KA-8 HI-SPEED LOW ALT. 
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MODIFY 26: 88 FOREIGN DEPLOVED A/C 
MODIFY 54 ANG А/С TOFORM 3US.SQUADS 


RE-EQUIP ADC WITH 2, NEW SQUADS F-106A 


TOTAL A/C NEW FUNDING REQ'D ` 


F-102 322 $ 60, 214,000 
Е-106 ———— 36 ———— NONE 
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Е-102А MODIFICATION 


Configuration described in Convair Report ZP-341 Мау 1961. 


Plan #1 Plan #2 Plan #3 

322 А/С 343 A/C 650 А/С 
Unit Price $ 187,000 $ 182,000 $ 148,000 
Program Price 60, 214, 000 62,26, 000 96, 200, 000 . 


FISCAL YEAR FUNDING (X MILLIONS) 


Fiscal Year 1961 $ 1.0 $ 1.0 $ 1.5 
1962 31.1 31:77 35.4 
1963 27.5 28.0 5..0 
1964. „61k 1.726 5 
NOTE: 


l. All prices are for planning purposes. 


2. Convair profit and GFAE costs are included. 


3. Utilization of existing Ground Support Equipment and Spares is 


assumed. 


1. Prices include reconnaissance equipment (cameras, radar warning 


receivers and recorders) for 2 squadrons each in Plans 1, 2 and 3. 
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Fs. 1 0 6-A 


Configuration same as last current production unit. For Plan ж, #2 


and #3 refer to Report ZP-341 May 1961 


Plan #1 Plan #2 

36 A/c 54 A/c 
Unit Price $ 2٦ $ 2,625,000 
Program Price 100, 000, 000 141,750, 000 


FISCAL YEAR FUNDING (X MILLIONS) 


Fiscal Year 1961 100.0 100.0 
1962 None 
1963 11.75 
1964 

NOTE : 


1. All prices are for planning purposes. 


Plan #3 


288 A/C 


$ 2,200,000 


633, 600, 000 


100.0 
None 
400.0 


133.6 


2. Prices include Convair profit, GFAE, Ground Support Equipment and 


Spares. 
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“UNCLASSIFIED | 


This Preliminary Study shows improvements in the performance capability of the F-102A 
interceptor compatible with previously authorized improvements in the Fire Control and 
Armement wees 


For this study it is assumed that the following authorized improvements have been 
incorporated: Extended Range Radar, Counter Countermeasure (CCM) features, and (2) САН-11 
missiles in the center missile bay. See ECP 6262, dated T November 1958. 


The additional items proposed herein include additional fuel in the outboard missile 
bays (45% gallons); external pylons inboard of the present external fuel tanks; installation 
of the Pratt & Whitney J-57/P-20 engine; and, in-flight refueling capability with removable 
probe. This Modernization Program сап be accomplished by Contractor modification con- 
current. with a customér IRAN inspection; or, by the USAF utilizing Convair furnished 
kits, depending on which is the most bdvantagecus program for the customer. 


Convair recommends these changes to take advantage of the. growth potential of the 
Ғ-102А airframe, The resultant weapon system will show а noticeable improvement in per- 
formance and kill capability. 


Implementation of this Modernization 1 
defense capability per defense dollar. 


gram will provide the USAF the +00 
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MISSILE BAY FUEL TANKS 


The sketch on the following page shows proposed missile bay fuel tanks. 


Four pressurized tanks are installed in the outboard missile bays. The center missile 
bay is retained for armament loading. The outboard missile bay doors are replaced with 
fairing. These tanks provide an additional. fuel capacity of 454 gallons, increasing the 
total internal fuel capacity from 1085 to 1539 gallons. 
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FUEL SYSTEM 


sequencing is as follows: — 


А. External tanks {1f used). 


ТОО 108 from aft outboard wing tank (tank 1). 
Aft missile bay tanks. | | 
Remainder of aft outboard wing tank (tank 1). 
Forward wing tanks (tank 2). 

800 105 from aft inboard wing tanks (tank 3). 
Forward missile bay tanks. | 
Remainder of aft inboard wing tanks (tank 3). 
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Fuel is transferred from the missile bay tanks to the wing tanks by means of а fuel 
transfer line that. tees into the existing wing refueling system; The existing refueling 
shutoff valve in the aft inboard wing ‘tank and float pilot valve in the aft outboard wing 
tank will prevent missile bay fuel from over filling the wing tanks. 


float pilot valve in the aft outboard wing tank. The fuel from the aft missile bay tank 
replaces fuel used from the aft inboard wing tank as it is burned by the engine. Тһе air- 
plane is flown using wing tank fuel until the total wing fuel quantity is approximately 

1150 pounds. At this time, the pilot valve allows fuel from the fwd. missile bay tanks to 
flow into the aft inboard wingetánks. The aft missile bay tanks are emptied, refilling 

the fwd. wing tanks. 


A tank venting system provides proper pressure and vacuum relief for the missile bay. 
tanks. The vent lines tee into the existing fwd. wing tank vent Line. 


Missile bay tank refueling is accomplished simultaneously with wing tank refueling 
through the missile bay transfer line. A regulator in the refueling line reduces the press- 
ure prior to entry into the missile bay tanks. When the. tanks are full the fuel flow 18 
Stopped by the refueling shutoff valve which is controlled by the float pilot valve. А re- 
fueling pressure operated vent valve opens the tanks to atmosphere to prevent pressure 
buildup during refueling. | у | 


When а refueling probe is added to the F-102A the missile bay tenke will be refueled 
in the same manner as noted above. - 
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The sketch on the following page shows the proposed pylon installation. 


In essence, this modification. cap the addition of a pylon under the wing 
on each side, inboard of the external fuel tanks. The pylon will be equipped with 
a GAR-2 serios missile rail. Non-structural airing will be installed around. each 
тутой. Wing structural reinforcements for attachment of pylons to the wings will 
be designed for carrying up to 2000 lbs. with a limited load factor of 5 G's. Те 
pylons are non-ejectable but may be easily removable on the ground. Control panel 
will be installed in the cockpit for release of stores and necessary wiring will 
be installed in the leading edge of the wing out to the pylons. 


- 


Specific fuel consumption is 2-5% less than the P-23 engine in the subsonie cruise 
range at altitudes of 35,000 ft. and above. However, this SFC decrease is offset by an 
incre&se in cruise thrust which results in little or no change in subsonic cruise fuel 


flows. мэн 


The sketeh on the following page shows. the engine installation іл the Р-102А, 


Minor changes are shown for the engine shroud 
in the afterburner configuration of the P-20 e 


in the aft end dueto a slight difference 
ngine, 


۱0۱1۷11۷16۱۱ 3 


IN-FLIGHT REFUELING WITH REMOVABLE PROBE 


This proposed "in-flight" refueling installation is primarily intended for use 
for ferry missions спее for refueling specta of Mach .65, The installation 


Due to equipment congestion in the forward fuselage area, location of the probe 
in the nose of the F-102A aircraft 18 considered impractical. To minimize the 
modification requirements, it 18 proposed a removable refueling: probe be installed 
in the upper surface of the left engine air intake duct as indicated on the sketch 
on next page. А prelimi: check-out in flight of this location has been made. 
and found to have a stable airflow for a "hook-up". 


| ON 1191333 _LHONS-NI А =- -i | 5 


ü. am یسا‎ Lu 


تد لوڈ 


CENTER OF GRAVITY ENVELOPE 


ck Se‏ کت 
The following charts shows the center of gravity envelope of the modified F-102A.‏ 
The addition of the four missile bay fuel tanks will necessitate some minor revisions‏ 


specified aerodynamic limits. | 
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WEIGHT COMPARISON 


Three configurations are shown on the following weight comparison. chart. These are: 
(1) Tüe Basic Tactical Е-102А; (2) The Basic plus authorized improvements; and, (3) the 
Basic plus authorized improvements plus the Modernization Program. 


The second version (Basic plus authorized improvements ) is shown for reference only 
and is not a part of 5018 proposal. Performance asta on succeeding charts compares 


versions one and three only. Performance for version two will be almost identical to tne 


Basic F-102A. 
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SPEED-ALTITUDE ENVELOPE (MILITARY + АРТ 


The modified F-102A indicates & considerable gatn in maximum Mach 
number over the tactical airplane. It is capable of Supersonic speed 
in level flight within more than 90% of its operating altitude range. 


Absolute ceiling is improved approximately 2600 feet in the best. climb 
range. A zoom capability (based on 90$ energy conversion J of 18,000 | 


feet, initiated at the M = 1.4 ceiling and terminating at approximately 


65,000 feet 45 shown. 
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TAKE-OFF DISTANCE 


A marked improvement of sea level take-off performance with afterburner is 
evident from the following chart. Although the fully loaded gross weight 
of the modified F-102A is greater by 3000 pounds than the tactical sirplane, 
the take-off ground run distance is 12% less while total distance to clear a 
50 foot obstacle is decreased 8%. This is due primarily to the 15% increase 
in afterburner thrust in the take-off speed range. 
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TIME TO CLIMB (MILITARY + AFTERBURNER THRUST) 
(Clean Configurationj 


Climb performance with afterburner is considerably improved, due mainly to the 25% 
increase in afterburner thrust of the P-20 engine in the speed range for best clinb. 


Maximun rate of climb at sea level is increased approximately 48%. At 50,000 feet alti- 


tude, rate of climb Тв improved by 250%. Absolute ceiling for the modified F-102A is 
22,300 feet with the Case X wing and 57,800 with the Case XX wing, &n improvement of 
2600 feet. 


Time to climb to 40,000 feet is 0.9 minutes less for the modified F-102A and 2.6 
minutes less to 50,000 feet. Time to service ceiling is reduced by 1.2 minutes. The 
time to climb is presented оп the following chart ‘as time from sea level after attaining 
best climb speed and does not include take-off time or tine to Beceler&te to speed for 
best climb. 
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Military thrust climb performance shows significant i 
climb. In this speed range, the P-20 engine thrust 18 
altitude. This results in an increase of 15$ in rate o 
rate of climb at 40,000 feet. Absolute ceiling is 46 
feet. 


Hprovement at speed for best 
greater by 3-8%, varying with 

f climb at sea level and 30% in 
2000 feet, an improvement of 1000 


duced 1.9 minutes. The time to climb is pre 
sea level efter attaining best climb speed 
to accelerate to speed for best climb. 
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AREA MISSION RADIUS 
(Clean Configuration) 


The radius capability in an агев mission is highly dependent on the degree of optimization of the 


various segments of the mission, i.e., climb, cruise and descent. 


In the area missions presented, 


these’ are optimized to result in the greatest: distance for the fuel available. Comperison shows 
that. the modifed F-102A has 62% greater radius capability than the tactical. airplane. 


The following ‘table summarizes thé data presented: 


Tactical 
Gross Weight at Take-off 28,150 
( Pounds ) 
Radius 537 
(Nautical Miles) 
Time to intercept 51 Min. 
Mission. Time 1 Hour 


The outline of the mission is as follows: 


1» Engine start, warm-up, taxi and maximum power take-off. 

2. Accelerate with maximum pover to 320 knots (CAS) at attitude of 109 
at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb with military powe 
cruise altitude. 

3. Cruise out at optimum cruise - climb altitude and speed. 

7 2 minute combat with maximum power. 

54 буцдаг back at optimum cruise - climb altitude апа speed. 

6. im range descent with idle power, speed brakes closed. 

Ta Landing reserve fuel allowance. (1500 lbs. ) 


Modified 


۳-102۸ _ 


31,050 


119 


i Hour 
25 Min. 


2 Hours 
57 Min. 


» climb with military power 
r at 0.9 Mach No. (TRUE) to 
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AREA MISSION RADIUS | 
(2-230 Gal External Tank Configuration) | 


As in the missions presented for the clean configuration, the missions in the external tenk config~ ۱ 
uration are optimized to result in the greatest distance consistent with fuel limitations. The modified 
Е-102А radius exceeds that of the tactical 7-102۸ by 38%. The missions shown in the chart profile are based | 
on the external tanks being dropped when empty. If the external tanks are retained throughout the mission, | 
the resultant radius is decreased by approximately 11%. | 


The following table is a summary of the data presented: ۹ 


Tactical Modified 
F-102A F-102A 


Gross Weight at Take-Off 31,276 34,276 
(Pounds) 


Radius : 654 905 | 

(Nautical Miles) 

Time to Intercept 1 
? 17 


Hr. l Hr. 


' Hrs. 4 Hrs. 


Mission Time 2 
4l Min. 4 Min. 


The outline of the mission for the modified Ғ-102А follows: + 


l. Engine start, warm-up, taxi and maximum power take-off. | Е 
2. Accelerate with maximum power to 320 knots (CAS) at. attitude of 10°, climb with military power 
at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb with military power at 0.9 Mach No. (TRUE) to 
cruise altitude.. | 
3. Cruise out at optimum cruise climb altitude and speed. E 
4. Military power climb to clean optimum, cruise - climb altitude. 
2. Cruise out at cléan optimum cruise - climb altitude and speed. 
6. 2 minute combat with maximum power. ] 
7. Cruise back at optimum cruise - climb altitude and speed. ET 
aximum range descent with idle power, speed brakes closed. | 
9. Landing reserve fuel allowance. (1500 lbs.) 


For the tactical ۶-1024, omit items (3) and (4), since the external tanks are dropped in the initial 
climb and the climb is continued to the cruise - climb altitude for the clean airplane. 1 
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DASH MISSION RADIUS 
(Clean Configuration) 


The modified F-102A has a 44% greater radius capability in a dash or minimum time to intercept mission. 
To the same radius point, the greater rate of climb and increased level flight acceleration of the modified 


F-102A reduces the time to intercept approximately 2 minutes. 


The following table summarizes the data presented: 


Tactical 
Е-102А. 


Gross Weight at Take-Off 28,150 
(Pounds) 


Radius 000 | 120 
(Nautical Miles) 

Time to Intercept 12 
(Minutes) 


Mission Time | 35 
(Minutes) 


The outline of the mission is as follows: 


1. Engine start, warm-up, taxi and maximum power take-off. 


2. Accelerate with maximum power, to 400 knots (CAS) at attitude of 10°, climb with maximum power 


Modified 
Е-102А 


31,054. 
173 


14 


at 400 knots (CAS) to 0.9 Mach No. (TRUE), climb with maximum power at 0.9 Mach No. (TRUE) to 


35,000 ft. altitude. 
. Accelerate with maximum power to maximum speed at 35,000 ft. 
Cruise out with maximum power at maximum spsed at 35,000 ft. 
. 2 minute combat with maximum power. 


7. Cruise back at optimum cruise climb altitude and speed. 
8. Maximum range descent. with idle power, speed brakes closed. 
). Landing reserve fuel allowance. (1500 lbs.) 


3 
" 
5 
6. Military power climb at 0.9 Mach No. to optimum cruise climb altitude. 
7 
8 
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DASH MISSION RADIUS 


The modified Е-102А equipped with 2-230 gal external wing fuel tanks has а 19% greater radius 
capability in a dash or minimum time to intercept missicn. The external tanks are dropped when empty since, 
in this case, they would be used solely to increase the radius and are dropped when empty in order that the 


The following table is a summary of the data presented: 


Tactical Modified 
F-1024, _7-22 


Gross Weight at Take-Off 31,276 38,176 
(Pounds) 


Radius 207 245 
(Nautical Miles) 


Time to Intercept 21 19 
(Minutes) 

Mission Time 55 57 
(Minutes) 


The outline of the mission follows: 


1, Engine start, warm-up, taxi and maximum power take-off. 

2. Accelerate with maximum power to 400 knots (GAS) at attitude of 10°, climb with maximum power 
at 400 knots (CAS) to 0.9 Mach No. (TRUE), climb with maximum power at 0.9 Mach No. (TRUE) to 
35,000 ft. altitude. i; 


* Tanks dropped when empty. 
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AREA MISSION RADIUS VS. LOITER TIME 


This chart is presented to show the relationship of radius distance (area mission) and loiter time. 
The radius is based on the mission outline as given previously with the Area Mission Radius charts. The 
loiter time is computed at 35,000 feet altitude and 0.7 Mach No. which are the altitude and speed for ۱ 
maximum endurance. The end points of each curve correspond to maximum loiter time and/or minimum radius 
for a complete mission with fuel allowances for take-off, combat and landing reserve. 


For the external tank configurations, the data are based on the tanks being dropped when empty: 
If the tanke are retained, the radius is decreased Бу 11% and loiter time is decreased by 7%. 
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FERRY RANGE 
(Clean Configuration) 


in more efficient fuel usage and therefore greater distance, | 
on 5% of the initial fuel load as a contingency in case of adverse winds, navigational errors, etc., and 
fuel for 20 minutes at meximum endurance (loiter) speed at sea level for holding. 


The feliowing table summarizes the deta presented: 


Tactical Modified 
F-102A F-102A 


28,150 31,950 
(Pounds) 


Range | 1,015 1,625 
(Nautical Miles) 


Mission Time Hrs. 3 Hrs. 


H 
Min. 19 Min. 


UN 


The outline of the mission is as follows: 


1. Engine start, warm-up, taxi and maximum power take-off. 

2. Accelerate with maximum power to 320 knots (CAS) at attitude of 10°, climb with military power 
at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb with military pover at 0.9 Mach No. (TRUE) to 
cruise altitude. 

J. Cruise out st optimum cruise - climb altitude and speed. 

4. Maximum range descent, with idle power, speed brakes closed. 

2. Landing reserve fuel allowance. 
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FERRY RANGE 
(2-230 Gel External Tank Configuration) 


The chart presented compares the range capability of the modified Е-102А with the tactical F-102A with 
externel wing fuel tanks. The external tanks are retained throughout the mission. The comparison shows that 
the range of the modified F-102A exceeds that of the tactical airplane by 40%. If the external tanks are 
dropped when empty, the range will increase approximately 13%. This wouid result in а range of 1990 n. miles 
for the modified 7-102 . 


speed for maximum endurance (loiter) at sea level. 


The following table is a summary of the data presented. 


Tactical Modified 
F-102A 7-22 


Gross Weight at Take-Off 31,276 35,116 
(Pounds) 


Range 1,255 1,760 
(Nautical Miles | 


Mission Time 2 Hrs. 3 Hrs. 
36 Min. 40 Min. 


The outline of the mission follows: 


1, Engine start, warm-up, taxi and maximum power take-off. 

2. Accelerate with maximum power to 320 knots (CAS) at attitude of 10?, olimb with military power 
at 320 knots (CAS) to 0.9 Mach No. (TRUE), climb vith military power et 0.9 Mach No. (TRUE) to 
cruise altitude. | "MO" | 

3« Cruise out at optimum cruise - climb altitude and Speed. 

4. Maximum range descent with idle power, speed brakes closed. 

5. Landing reserve fuel allowance. 
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INTRODUCTION | 
| 


| 
| For nearly a decade, the F-102 all-weather interceptor weapon system — manu- | 
factured by General Dynamics/Convair to exacting Air Force requirements — 

| has played a vital role as a deterrent to agression against Ше free world. Convair 

| is proud of the basic structural integrity designed into the aircraft, a design = 

proved by more than 893,552 flying hours under all weather conditions. Despite 


| 
I | its operational environment and the number of hours flown, the F-102 boasts the 
| 


4 In view of this operational history, Convair concurs with the Air Force that -i 


an extended service life for the aircraft is not only feasible but justified. 


To ensure continued F-102 integrity, Convair proposes an interceptor 
] renovation program. At present, Convair is in a position to support all or any 


| part of a program that would provide Ше Аш Force with: 


| а. F-102 service aircraft returned to operational squadrons in a "like 


new — zero time" standard configuration, and 


b. Service aircraft requiring minimum squadron level maintenance, thus 


reducing maintenance costs per flying hour. 


In proposing this renovation program, Convair realizes that current world ‘ 
conditions rule out withdrawal of large numbers of aircraft from a combat-ready 


| 
lowest accident rate of апу century series aircraft. 
status; consequently, a "turn-around" schedule has been developed to keep the 

| 


number of aircraft "down" to a minimum. 


к 


Convair has the facilities available in its San Diego plant to accomplish 
this renovation program. For example, to eliminate wing fuel tank deteriora- 
tion through corrosion and to restore the tanks, Convair plans to recondition 2 
wing panels through use of latest Air Force protection techniques plus curing іп 


specialized Convair facilities. 


One proposed change which would be of great benefit to squadron mainte- 
nance personnel is the rewiring of aircraft to a single configuration. This 
change alone would eliminate the many manhours now required to troubleshoot 


an interceptor electrical system. 


During the renovation program, certain Air Force-inspired flight safety 
and capability improvement changes currently under development could be in- 


corporated, if directed. Typical changes in this category include: 


a. Armament system interlocks to obviate unsnubbed launcher extensions 


and retractions. 


b. Repair and/or replacement of elevon and rudder honeycomb sections 


showing evidence of delamination. 


c. Replacement of the flight control system servo actuators and elevon 
control valves installed in early production aircraft. All aircraft will 
be standardized with the combination "HEP" valve installed in later 


production aircraft to reduce maintenance and logistics problems. 


In view of the demands of limited war situations, the Air Force may find it 
advantageous to augment 7-102 operational capability by installing 20mm rapid- 
fire cannon pods, bombing provisions and/or additional external fuel tanks. 
These could be accomplished during the renovation program to minimize modi- 
fication costs. Thus the F-102 not only would retain its excellent all-weather 
interceptor capability and handling characteristics, but would bolster Air Force 


striking power with a versatile weapon system for limited warfare operations. 
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1 F-102 RENOVATION 


1.1 CONDITION OF OVERSEAS AIRCRAFT 


F-102 aircraft are now in their seventh year in the USAF inventory. During the 
last 12 to 18 months, reports received by Convair indicate progressive deteriora- 
tion of the aircraft, decreasing O/R rate and increasing maintenance man-hours 
per flight hour. This condition has been evident in aircraft assigned to PACAF 
and USAFE activities. Since the interceptors assigned to these areas are early 
production aircraft, problems generally associated with age are appearing on 
these aircraft first. In addition, the PACAF aircraft are subjected to a corro- 
sion environment that will considerably reduce the useful life of the airframe 
unless immediate action is taken. Convair believes that the schedule for the 
present corrosion-control program is inadequate, that many F-102 aircraft will 
deteriorate to a point of uneconomical repair before they reach the existing 


program. 


Although the problem of corrosion is evident mainly on PACAF aircraft, 
considerable evidence indicates that a fleet-wide problem is developing on all 


F-102 aircraft. 
1.2 PROBLEM AREAS 


Aircraft structural and system problems that result directly from age cause 


most of the increase in maintenance man-hours per flight. Following are the 


largest contributing factors: 


x a. Aircraft Wiring — General deterioration due to age and continual rework 


for TCTO incorporation. 


b. Fuel Quantity Indicating System — General deterioration due to age and 


prolonged immersion. 


c. High-Pressure Pneumatic System — Complete system deterioration 


due to age and continual moisture contamination. 


d. Mechanical Flight Control System — General deterioration due to age 


and wear. 


e. Honeycomb Components — Deterioration due to internal corrosion, 


damage, and moisture. 


| f. Speed Brakes — General deterioration of brakes and attaching struc- 


ture; indication of possible fatigue and approaching wear limit. 


g. Boat Tail (Canary) Fairing — Deterioration due to sonic fatigue and 


| corrosion. 
1.3 THE CONVAIR PLAN 


Overseas F-102 aircraft from PACAF and USAFE commands can be recycled 

|. through San Diego for renovation to а standard configuration. This would aug- 
ment the effort being accomplished at existing continental and overseas mainte- 
nance facilities. The aircraft can be flown to San Diego using a simple in-flight 
refueling kit that can be installed at the squadron level as the aircraft are made 
available. Any other method suitable to the Air Force could be used for trans- 


porting the aircraft to San Diego. 


| 
| At San Diego, the aircraft will be given a complete inspection and overhaul 


to include: 


| a. Compliance with all outstanding TCTOs. 


b. Compliance with T.O. 1F-102A-6, including 1, 200-hour inspections. 


c. Complete corrosion-correction program, including strip and repaint. 


d. Complete rewiring to one configuration. 


e. Complete airframe structural inspection and repair. 


f. Complete systems inspection and repair. 


The following ECPs are typical of changes which may he outstanding and 


could be incorporated while the aircraft are being processed with little or no 


increase in schedule: 


ECP Description 


6309 IR Seeker Installation 


6310 Modification of Pilot Escape 
System 


6312 Improved Engine Oil 
Warning System 


6313 Flight Control System 


6316 Standby VGI System 


6318 Modulator Overload Circuit 
and Magnetron Filament 
Improvement 


6319 САБ-2В Wiring 


Purpose 


Provides aircraft with additional 
capability. 


Replaces M3 catapult with rocket 
catapult to improve low-speed/low- 
altitude escape capability. 


Provide pilot with oil pressure gage in 
addition to existing low-pressure 
warning light. 


Replace servo actuators and elevon 
control valves with HEP valves in 
early production aircraft to improve 
system reliability and reduce mainte- 
nance manhours. 


Provide pilot with backup for the 
primary attitude indicating system. 


Revise aircraft wiring to a configura- 
tion compatible with MG-10 (AWCS) 
change to improve control of magne- 
tron filament and modulator overload 
circuit. | 


Install wiring to provide compatibility 
with Hughes GAR-2B missile. 


ECP Description Purpose 


6320 Ejection Seat - Single Provide updated seat with stronger 
Configuration seat pan and all seats of one configura- 
tion to improve maintainability and 


reduce logistic support. 


* Armament Selector Valve Prevents unsnubbed missile launcher 
Design Improvement actuations. 


* Recommended Improvement Change. 
1.4 BENEFITS TO AIR FORCE 


The most important benefit to the Air Force is time — since the major portion 
of the overseas F-102 fleet will be renovated much sooner than is possible at 
existing facilities, This will reduce maintenance man-hours and cost of spares, 
and will increase the reliability and operational ready rate. The renovated air- 
craft will be returned with essentially "zero-time, " which will improve safety 


and extend their service life. АП F-102 aircraft also will then be much closer 


to a single standard configuration. 
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2 RENOVATION PLAN 


2.1 IN-FLIGHT REFUELING KITS 


Overseas F-102 aircraft are located in PACAF and USAFE squadrons in the Far 
East and in Europe. The aircraft do not have in-flight refueling capability and 
were transported overseas aboard Navy aircraft carriers. Convair suggests a 
simple in-flight refueling probe that can be installed at the squadron level for 

the "high-flight" trip back to San Diego. The probe can be removed and returned 
to the squadron for the next aircraft. An F-102 has been flown in close proxim- 
ity to a tanker drogue to determine a satisfactory location for the refueling probe. 
The location shown in Figure 1 appears to be satisfactory, since no drogue 


buffeting was encountered during the test flight. 
2.2 MANUFACTURING SEQUENCE 


The aircraft will progress through complete dismantling to basic structure, 
recycling of components, and reassembly using production techniques. Compo- 
nents not manufactured by Convair will be recycled to the subcontractor or 
appropriate government agency. Removal and shipment of such components will 
be accomplished promptly upon receipt of the airplane to provide minimum turn- 


around time. 


Separate assembly lines will be established for fuselage, wing, power plant, 
control surfaces, and canopy. Figure 2 shows the schematic arrangement and 
descriptions of all major assembly functions. A total of 22 aircraft will be in 


process at peak rate, (2 1/2 planes per week). The spans and rates of produc- 


tion are discussed in Section 2.4. 
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1823 


REMOVABLE PROBE : 


Figure 1, In-Flight Refueling Kit 
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Figure 2. Task Description 
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2.3 FACILITY UTILIZATION 


2.3.1 PLANT AREA ASSIGNMENT — Phaseout of current Convair production 
programs assures availability of adequate facility area to accomplish the pro- 
posed renovation program. Specific plant area assignments are indicated in 


Figure 3. 


Flight operations and acceptance flights will be conducted from the San 


Diego municipal airport (Lindbergh Field), located adjacent to the Convair plant. 


2.8.2 SPECIAL EQUIPMENT — it is assumed that special test gear and ground- 
handling equipment will be provided by the Air Force at no cost to Convair. Such 
equipment would include aircraft tow bars, engine liftings slings, fuselage and 
wing load bars, engine dollies, ete. Minimum manufacturing aids will be 
required. 

Bonded storage cribs and/or enclosures will be required for teardown and 
buildup of engine accessories and for storage of gear, control surfaces, cano- 
pies, etc. The cribs and enclosures will ensure control and accountability of 


all components removed from the aircraft. 
2,4 PROPOSED PROGRAM SCHEDULE 


The schedule shown in Figure 4 indicates the general scope of the proposed pro- 
gram. Those functions preceding the start of manufacture do not include the 
in-flight refueling modification or transportation to San Diego, All activities 


shown in the schedule occur at the Convair plant. 


The first ship schedule shown under the "Manufacturing" heading is broken 
down to reflect all major assembly functions and is applicable to all Subsequent 


aircraft on a percentile basis. 


The total processing span (in plant) will diminish from 129 calendar days 
on Ship No. 1, to 80 calendar days on Ship No. 14. This span will remain con- 


stant until Ship No. 218 is completed, at which time a second period of reduction 
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Figure 3. Plant Area Assignment 
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Figure 4. Proposed Program Schedule 
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will begin. By completion of Ship No. 241, the span will have been reduced to 
65 days and will continue as such to program completion (Ship No. 347). This 


will limit the maximum number of ships in work to 22, 


The delivery rate (calendar days per ship) will begin at 14 days between 
first and second ships and will diminish to 3 1/2 days per ship by completion of 
Ship No. 14. This rate will continue until completion of Ship No. 218, at which 


point a rate of 2.8 days per ship will begin and will continue to program completion. 


The "down time" scheduled is that required to accomplish complete F-102 
renovation, Task reductions or the use of less sophisticated processing tech- 
niques would reduce this time in work, should it be determined that such reduc- 


tions are in the best interests of the Air Force total objectives. 
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3 ADDITIONAL CAPABILITY 


Concurrent with the renovation program, the F-102 operational capability can 
be increased at minimum additional cost. This may include provisions for 
rapid-fire gun pods, bombs, and additional fuel. None of the original armament 
or equipment would have to be removed. Such changes would not affect the ex- 
cellent flying qualities of the F-102 nor reduce its capabilities as an all-weather 


interceptor, but would augment the capability for a limited-war application. 


3.1 ADDITIONAL WING PYLONS 


Г Changes to the wing considered consist of installing the standard Aero 7A four- 


| 
| 
| 


hook bomb ejector rack at BL 64.4 near the leading edge of the wing on each 
side of the aircraft. Nonstructural fairings are installed around each rack. 
Wing structural reinforcement is required to attach the racks to the wings and 
provide an attachment limit load factor of 5g when carrying а 2, 000-10, store. 
All structural work to the wing can be accomplished through existing access 
doors on the lower surface, and all wiring can be routed through the wing lead- 


ing edge. 


The existing outboard pylons can be replaced with new pylons similar to the 
added inboard stations (see Figure 5). This will provide four external stations, 
giving the F-102 a versatile loading capability for carrying many combinations 
of stores as shown in Figure 6. The maximum weight of external stores that 
сап be carried at any one time is estimated to be 5,000 lb. Тһе final value will 
be determined after further investigation of the new strengthened landing gear 


currently being produced by Menasco for retrofit on the F-102. 


15 
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Figure 6. Loading Capability 


3.2 EXTERNAL STORES 


Convair has considered the following typical external stores; however,the Air 
Force could carry other stores if desired that fit the standard 14- to 30-in. 


ejection rack. 


3.2.1 20-MM GUN POD, GENERAL ELECTRIC M-61 — This pod carries 
1,000 rounds of 20-mm ammunition in а linkless ammunition feed system and 
will fire at a normal rate of 6,000 rounds per minute. Power to drive the gun 
and feed system is supplied by a ram-air turbine, contained within the gun pod. 
The pod can be hung from either the inboard or outboard wing station, using the 


standard 30-in. rack. 


3.2.2 BOMBS — Bomb loads up to 2,000 pounds per wing station can be in- 
stalled. Any kind of standard bomb may be suspended from the universal 14- 
to 30-in. hook spacing rack. It is anticipated that fragmentation and napalm 
bombs will be required; however, practice bombs and all conventional stores 


may be used. 


3.9.3 FUEL TANKS — External fuel tanks up to 230-gal. capacity can be in- 
stalled on either the inboard or outboard wing station. Standard tanks may be 


hung on the i4 to 30-in. rack. 


3.2.4 ROCKET PODS — Rocket pods that are mounted on 14- to 30-in. rack 
spacing can be carried on either the inboard or the outboard station. Pods of 
2.75-in. rockets or smaller can be carried. If it is desired to carry the rockets 


and bombs ina single pod, this can be accomplished at the existing wing stations. 


Stores are ejected from the racks. The racks and pylons are non-ejectable 
but may be removed easily on the ground for pure interceptor applications of 


the aircraft. Retention of the racks and pylons has negligible effect on aircraft 


performance. Final performance with the external stores attached will be 


determined by flight tests when a definitive configuration has been established. 
The low-level flying qualities of the F-102 are excellent and enhance its use for 


а limited-war application. 


A control panel for bomb ejection and a timer for bombing will be added to 
the cockpit. The control panel is designed for general-purpose and special- 
store bombing. The existing optical sight will be mounted so that it can be used 
for optical bombing as well as air-to-air firings. A gun selector switch will be 


added in the cockpit to control the 20-mm gun pods. 
3.3 BOMBING COMPUTER 


A Merganthaler M-2 bombing computer will be added to provide a bombing 
capability. This is standard ''off-the-shelf' equipment and will be installed in 
existing electronic racks. Adequate space and environmental control is àvail- 
able for such an installation. The M-2 integrated bombing system is capable 
of first- or second-release dive toss, first- or second-release LABS, over- 
the-shoulder, level release, and ground or air burst. Drogue capabilities can 


be added without difficulty. Maximum operating altitude is 36,000 ft. , and air- 


speed limits are Mach 0.5 to 1.5. 


4 STATEMENT OF WORK 


4.1 BASIC ASSUMPTIONS AND CONDITIONS 


All aircraft will be returned to Convair, San Diego, by the Air Force on a basis 
compatible with the program schedule. The aircraft will remain under Air Force 
accountability during the renovation; completed aircraft will be delivered to the 


Air Force at San Diego, 


Developmental flight testing is excluded from this proposal and, if required, 
would be the subject of separate negotiation. Only minimum flight testing will 
be accomplished by Convair (production flight) at San Diego prior to Air Force 
acceptance flight at San Diego. Flights performed will be for safety of flight 
items and functional check of CN&L equipment and new installations, other than 


armament changes, and the MG-10 system. 


It is assumed that the Air Force will accomplish flight testing of armament 
installations at an appropriate Air Force test base. Convair support can be 
provided in any area as required. The Air Force also will perform all flight 


testing required for checkout of the MG-10 fire control system. 
No qualification testing requirements are included in this proposal. 


MTU and AGE changes are not included in this program and, if required, 


will be subject to separate negotiation. 


Compliance with MIL-D-70327 and MCP 71-77 for engineering drawings and 


data will not be required, except for new installation drawings (Cl. ID. 


It is assumed that the present optical sight (for rockets) may also be used 


for a bomb sight and for the gun sight. 


No additional capital facilities or engineering special test equipment are 


anticipated to be required. 


Convair will provide quick installation in-flight refueling kits, which can be 
installed at squadron level to permit "high-flight'' to San Diego from overseas 


bases and return. 


First aircraft modification for in-flight refueling will be accomplished at 
Kelly Air Force Base. 


The Air Force will flight test the first aircraft at Kelly Air Force Base 
and provide the pilot, support personnel, aircraft, and equipment. Convair will 
provide engineering proofing support at Kelly Air Force Base. The refueling 


probe nozzle will be government-furnished. 
4.2 RENOVATION 


a. Renovate aircraft to one standard configuration; comply with all out- 
standing TCTOs; comply with T. O. 1F-102A-6 "Handbook Inspection Require- 


ments," including 1, 200-hour inspection. 
b. Complete corrosion correction program including: 
1. Strip all exterior paint. 
2. Check all areas for corrosion and repair. 
3. Check for loose or working fasteners and replace. 


4. Check wheel well and missile bay areas for corrosion on structure, 


tubing, and components (actuators, etc. ); replace as necessary. 


5. Check fuel tanks, fuel lines, and components; repair or replace 


as necessary. 
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6. Check all pneumatic lines, tubing, and components; repair or 


replace as necessary. 


7. Repaint exterior, apply applicable protective coating or sealants 


on appropriate areas. 


Airframe structure inspection and repair, including honeycomb flight - 


control surfaces. 
1, Inspect and repair as necessary drag chute housing and mechanisms. 
2. Inspect and repair all doors, hinges, latches, etc. 


3. Remove and inspect all landing gear for integrity; replace bushings, 


actuators, axles, bearings, etc., ав necessary. 


4. Inspect LG fairings for loose or working rivets and refasten as 


necessary. 
9. Inspect wing bolts and fittings as required by -6 requirements. 
6. Re-skin canary tail. 
7. Inspect and repair missile launchers as necessary. 
Electrical System — Rewire to one configuration. 


1, Replace wiring, fabricate new harnesses for all areas and ге- 


install; provide separate wiring for amament, per latest HIAD. 


2, Test and replace, as necessary, electrical generating system 


components, including CSD - realign. 
3. Engineering to provide new harness drawings as required. 
Flight Control System 


1. Inspect mechanical linkage for worn or damaged components and 
replace as necessary; special attention at mixer and HEP valve 


areas. 
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2. Remove and inspect all cables for type (Hycospan), worn spots, 


broken strands, replace as necessary. 
3. Check and replace fairleads. 


4. Remove and inspect aileron control bellerank in cockpit; clean 


and install grease fitting. 
9. Inspect and replace all rod ends as necessary. 


6. Inspect control surfaces for delamination, presence of water and 


corrosion; rebuild as necessary. 
7. Inspect control surface hinges; repair or rebuild as necessary. 


8. Inspect for integrity of speed brakes and speed brake mounting 


structure; repair or rebuild as necessary. 
9. Inspect rudder and brake mechanism in cockpit. 
Fuel System 
1, Replace fuel probes with Kel ۳ coated probes. 
2. Inspect and replace boost pumps and connections as necessary. 


3. Remove and clean/repair fuel and pressurizing valves, regula- 


tors, etc. 
Pneumatic System 
1. Replace flask drain fittings. 
2. Replace all flex hoses. 
3. Replace line filters. 


4. Test and replace all components as necessary. 
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Furnishings 


1. Remove seats and inspect detailed parts for corrosion, damage, 


wear; repair and replace as necessary. 


2, Inspect cockpit area including canopy mechanism and locking 
devices, for loose, frayed, or damaged wires, broken or dam- 


aged switches, controls, etc. 
3. Inspect, test, and replace instrumentation as necessary. 


Hydraulic System — Remove, test, clean, repair, or replace all 
hydraulic components; flush all lines; ultrasonic clean reservoirs; 


replace filters; replace seals in accumulators. 
Low-Pressure Pneumatic System 


1. Inspect all ducts for cracks, clamping, heat blankets, joints, etc; 


repair or replace as necessary. та 


2, Inspect and test air-cycle machine, heat exchanger; repair ог 


replace as necessary. 
3. Remove, inspect, repair or replace all valves, regulators, etc. 
Propulsion System 
1, Remove and ultrasonic clean air oil cooler. 
2. Repair or replace shroud blankets. 
3. Repair or replace shrouds. 


4. Inspect for clipping, test, repair, or replace fire-detector 


system. 


5. Inspect Ni shroud cooling air ducts and valves. 


6. Inspect and repair or replace engine mounts and fittings. 


| 
| 
| 
ru 
| 


7.  Turn-around program on engine (TOC, etc.) 
1, Electronic System - (L, C & N Systems) 


1. Inspect, repair, or replace all racks; test and repair/replace all 


black boxes. 
2. Refinish radome. 
4.3 ADDITIONAL CAPABILITY 


Modify aircraft to incorporate additional capability. This program will be 
accomplished at San Diego during the renovation program and will include the 


following tasks: 
a. Pylons 
1. Add inboard pylons to accommodate: 
(a) Bombs (up to 2,000 1b.). 
(b Fuel tanks (up to 230-gallon capacity). 
(c) M-61, 20-mm gun pod, * 


2. Replace outboard pylons with new pylons (similar to inboard , 
pylons) to carry bombs or 20-mm gun pods* in addition to exist- 


ing 230-gallon fuel tanks. 


* Provide for installation of General Electric M-61, 20mm 
Vulcan self-powered gun pods with maximum load of 10 amp, 


115v ac, 400-cps or equivalent combination of dc/ac. (GFAE) 
Add Mergenthaler M-2 bombing system, or equivalent. (GFAE) 
The following is a description of tasks by group: 
b. Wing 


1. Modify ribs at BL 61.48 and 67.22 in forward tank area to change 


webs, stiffeners, fittings, and flange material. 
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2. Modify spar at Sta. 349.625 to add support structure for pylons. 
3. Provide new fittings for pylon attachment. Each pylon will have 

four attach points. | 
4, Modify wing leading edge to provide for routing of harnesses. 

Note: All wing modifications can be accomplished through exist- 

ing access doors. 

Electrical 
1, Revise existing harnesses and add new harnesses for guns and 

bombs. | 
2. Add pylon disconnects in each wing leading edge. 
3. Revise circuit breaker panel to add bomb release circuitry and 

gun circuitry. | 

7 t 
4. Install relays in missile bay for interlocks. 
Electronics 
1. Install Mergenthaler M-2 pitch and roll gyros in upper mid- 
` 

electronies compartment. 
2. Install M-2 computer assembly in aft electronics compartment. 
3. Install M-2 pressure transducer in nose wheel well. 


Cockpit Furnishings 


1. 


Revise pilot's console to provide for installation of GFAE M-2 


bombing control panel. 
Revise armament selector switch and panel. 


Provide gun selector switch (4-gun maximum). 
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f. Mechanisms 


| 
| 1. Install GFAE bomb ejection racks (Aero-7A) at four pylon stations 
| under wings. Four attach points on each rack. Outboard attach- 


ment uses existing hooks within wing. 


2. Design, fabricate, and install bomb ejection rack fairings (pylons). 
These fairings are non-load carrying and will be held in position 


by attachment to the ejection racks. 


g. Fuel System 


(b) Add fuel transfer system similar to existing outboard exter- 


nal fuel tank system. 


(c) Add fuel tank vent system similar to existing outboard exter- 2.4 


nal fuel tank system. 
2. Outboard Pylons: 


(a) Modify existing fuel tanks to eliminate existing pylon and add 


provisions to attach to and eject from Aero-7A bomb rack. 


(b) Relocate quick-disconnect fittings to lower surface of pylon 
for transfer line and pressurization line; Toute plumbing 


through new pylon. 


C 1848 (200) 


| 

| 

1. Inboard Pylons 
5 (a) Add quick disconnects in fuel system at pylon lower surface. 

| 

| 

| 

| 

| 

| 
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| ABSTRACT 


This report contains a compilation of available deta 
| | applicable to F-102A/MG-10 Weapon System effectiveness. 
| The majority of data has been obtained by Convair personnel 
associated with Air Force Test Programs, and does not neces- 
| | sarily represent. the thinking of all interested agencies. 
| The numbers put to Weapon System effectiveness are | 
based on actual firings where possible. This data Pepe 
( 3 best estimate of the present status and 


۰ effectiveness of the F-1024/MG-10 Weapon System, 
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CROSS REFERENCE OF U.S.A.F AIRCRAFT SERIAL NUMBERS AND CONVAIR VERSION" 


| NUMBER USED IN THIS REPORT 


тоңы 1212.22 


TEST AIRCRAFT 
| BSAF. MODEL AND DELIVERY TESTING 
| SERIAL NO. VERSION NO. MONTH/YEAR AGENCY 
1788 8-90-2 | Convair 
‚ 53-1793 8-10-3 July 1955 Convair 
' 54-1354 8-12-4 July 1956 Convair 
56-1028 8-10-245 Mar, 1956 AFAC 
56-1029 8-10-246 Mar. 1956 AFAC 
` 53-7 8-10-17 Nov. 1955 AFAC 
¦ 53-1818 8-10-28 Jan. 1956 AFAC 
` 53-1801 8-10-11 Sept 1955 PHASE VI 
53-1803 8-10-13 Oct. 1955 PHASE VI 
53-1816 8-10-26 Тап. 1956 PHASE VII 
53-1817 8-10-27 Јап. 1956 PHASE VII 
| 54-1377 8-10-35 Apr. 1956 PHASE VII 
` 53-9 8-10-19 Nov. 1955 PHASE VII 
| 53-1814 8-10-24 Dec, 1955 PHASE VII 
' 53-1810 8-0 Nov. 5 PHASE VII 
53-1815 8-10-25 Dec, 1955 PHASE VII 
¦ 53-1 8-10-21 Nove 1955 PHASE VII 
¦ 55-3375 8-10-84 Oct. 1956 QUALITY CONTROL 
| 55=3392 8-10-01 Oct. 6 QUALITY CONTROL 
| 55-3408 8-10-117 Nov. 1956 PHASE VI^ 
|. 55-3409 8-10-118 Nov. 1956 PHASE 7 
| 56-1002 8-10-219 Feb, 1957 PHASE VI. 
56-990 8-10-207 Jan, 1957 FAST DRAW 
| 56-1022 8-10-239 Feb, 1957 FAST DRAW 
' 56-1023 8-10-240 Feb, 1957 FAST DRAW 
56-1075 8-10-292 Apr. 1957 FAST DRAW 
55-3377 8-10-86 Oct. 1956 FAST DRAW 


FOLLOWING REFER TO AIRCRAFT WHERE SIGNIFICANT CHANGES WERE INCORPORATED, 


55-3357 
55-3380 
56-1137 
56-1242 


8-10-66 
8-10-89 
8-10-354 
8-10-459 


Aug. 
Nov. 
May 

July 


1956 
1956 
1957 
1957 
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AND 
DEVELOPMENT TESTS THROUGH 1 JUNE 1957 
1, 2.75" FFAR DEVELOPMENT PROGRAM (CONVATR) 


Twenty-four (24) 2.75" rockets ere carried in the missile bay doors 


| of the Е-102А airplane. They are arrenged in tandem, six rockets per door. 
Extensive ground and air testing was conducted in the development of the 
rocket installation. Three sircraft were assigned.to the Convair test 
program at Holloman AFB to check out the hardware and to obtain jump angle 
data. The three aircraft were 1788, 1793, and 1354 (TF). A total of 1245 
rockets were air-fired during this test program. Tests were conducted 

from 5,740 feet to 53,520 feet; speed from 0.27 M to 1.45 M, and load fac- 
tor range from -1.1 6 to +3.4 G. No difficulties were encountered on the 
launching or separation of these rounds. 

Hardware difficulties were experienced from the large amount of debris 
from the 2.75" rocket, and the coating of hardware by the exhaust of the 
MK III round which caused electrical failures (inability to ground the 
round). Debris deflectors were added above the blast pans, and the latch 
used in grounding was madé readily accessible for cleaning. Changes were 
| made in the round (MK IV) which further helps the cleaning problem. These 
| changes were thoroughly ground and air tested and will be incorporated 
| in production. 


| In addition, 877 2.00" (Radstone) rockets were air-fired in the 
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1.1 2.75" FFAR AIR FORCE TESTING 
| Two aircraft (1028 and 1029) were assigned to АРАС to test the 2.75" 
| rocket installation. These tests started in April 1957 at Eglin AFB; 
in May these aircraft were transferred to Holloman AFB in order to uti- 
lize a Matador as a target. No Air Force report has been written on 
these tests. From reports received from the field by Convair personnel, 
the following tests have been conducted. Until a final Air Force report 
| 1s available these results must be considered preliminary. 
Number of firings at Eglin (both aircraft) ----------- 19 
Number of firings at Holloman (both aircraft) -------- 9 
| Total number of rounds expended (both aircraft) —— 548 
The rémaining Air Force tests for the 2.75" FFAR program is for the 
| two АРАС test. aireraft (1028 and 1029) to return to Eglin for completion 
of air testing to obtain data to zero in the improved air data computer. 
Due to target limitations these tests are limited to 35,000 feet and below. 
| Aircraft 1807 and 1818 will do miss evaluation work above 35,000 feet. 
| The optical sight will also be evaluated during these tests. 
» GAR-1 AND GAR-2 MISSILE PROGRAMS 
| Six САН-1 - GAR-2 type missiles are carried internally in the F-102 
] airplane. The pilot can select to fire three or six missiles on a pass. 
Five F-102 aircraft were assigned to the Convair test program at 
Holloman AFB to develop the missile launching system, and to obtain tra- 


jectory data. During this development period 276 САК-1 type missiles 
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were air fired. “Firines vere щейв from 4,970 feet to 52,140 feet alti- 
tude; speed range from 0.62 М to 1.42 M, and lead factor of -1.36 С іо ' 
*4.20 0. From а separation and lsunch accuracy point of view, 211 tests 
were successful. 
AIR FORCE САВ-1 AND GAR-2 EVALUATION PROGRAMS 

Several firing programs have been conducted by the Air Force in 
evaluating the Р-102А weapon system. Іп the earlier programs difficulties 
were éncountered with the armament system, such as retraction without 
snubbing, malfunction of inter-lock switches causing aborts, feilures of 
pneumatic components, etc. Changes were made in the system to minimize 


these difficulties. ‘Later test programs reported no aborts contributed 


to the armament. system. See Chart, page'14, showing improvements that 


have béen incorporated in the aircraft. 
Phase VI air firings were conducted at Holloman AFB, July - August 
1956. Two aircraft were assigned to this program. They were 1801 and 


1803. Chart, page 15, shows the summary of these tests. Refer to Pré- 


liminary Report F-102A/GAR-l Missile Firing Program (Phase VI) for offi- 


cial Air Force summary. For the program the total launch/guide/hit was 


63/43/5. 


AIR FORCE PHASE VII TESTS 
Phase VII air testing was conducted at Eglin AFB from August through 


October 1956. Eight F-102A airplanes were assigned to this test program. 


They were 1816, 1817,.1377, 1809, 1814, 1810, 1815 and 1811. .: > 
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| Chart, page 17, ہی اه‎ ОР those tests. For the; program the 
total launch/guide/hit was 73/41/6. 

During this period two aircraft 3375 and 3392 were sent to Eglin to 
determine the Weapon System effectiveness of later aircraft being delivered 
to the Air Force. This program was called the Quality Control Program. 

The launch/guide/hit for this program was 29/20/11. The summary of these 


firings are included in the Phase VII charts, page 18. 


2.1.3 AIR FORCE АҒАС TESTS 

| This program was conducted in three parts: (1) Eglin tests, (2) 
Accelerated program at Holloman, and (3) Modified program at Holloman. 
Test started at Eglin in August 1956;after а few firings it was decided 
to conduct the tests at Holloman AFB in order to utilize the instrumented 
firing range to obtain more accurate test data. Sea chart, page 19, for 
summary of firings conducted at Eglin AFB. 

| АРАС Accelerated Program started at Holloman AFB in November 1956. 
The program was stopped in December after twenty (20) missiles had been 
fired. It was décided st that time changes to the fire control system | 
and the missile were needed to increase the reliability and Рр of the 
System. The two AFAC airplanes (1807 and 1818) were sent to Hughes 

| Aircraft Company for modification. See chart, page 20, 

| A new test program was outlined and was called the Modified AFAC 


Program. This program had three phases, they were: 
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ended through May 1957. 
The launch/guide/hit of this program was as follows: 

Phase I ~ 31/26/10 See chart, page 21 

Phase II - 14/9/4 See chart, page 22 

Phase III - 31/26/7 See chart, page 23 
PHASE VI GAR-2 TESTS (MATADOR FIRINGS) 

These tests were conducted at Holloman AFB during Februsry and March 
1957. These tests were the first Air Force F-102/GAR-2 firings. Air- 
craft assigned to this program was 3408, 3409 and 1002. The launch/guide/ 
hit was 7/7/4. See chart, page 24, for summary of these firings. 

ADC TAC-EVAL PROGRAM (FAST DRAW) 

This. program was conducted at Eglin AFB during May 1957. The pur- 
pose of this test was to determine the tactical capabilities of F-102 
aircraft now in squadrons, and to compare the effectiveness of aircraft 
with the AFAC changes with aircraft without these changes installed. 
Five aircraft were assigned to this program. They were 990, 10@2 and 1023 
which had the AFAC changes installed, and 1075 and 3377. See chart, page 
26, for the summary of these tests. 
F~102A/MG~10 SIGNIFICANT CHANGES 

NOTE: See chart on page 27. 
AIRCRAFT #66 THROUGH 88 


Aircraft in this group (66-88) contain only the MG-3 Fire Control 


System portion of the MG-10 Aircraft and Weapon Control System. 
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Aircraft delivered into &quadrons prior to 8-10 #66 had these de- 
ficiencies picked up via Time Compliance Technical Orders. 

Retrofit ECP 6100 will bring these alrcreftito a configuration equi- 
valent to 8-10 #354. 

AIRCRAFT #89 THROUGH 353 
In addition to the MG-3 FCS these aircraft have the Pllot Assist 


portion of the MG+10 Automatic Flight Control Subsystem activated, The 


AILAS mode, the Automatic Attack mode and the Altitude Hold mode of the 
AFCS are disabled because their configurations had not. been flight tested 


and approved by the Air Force. 


There are several significant. changes connected with this group of 
aircraft. The 2.75 rocket installation (190 and on) provided this added 
capability to the Weapon System. The full capability of the 2.75 rockets 
is realized later in production (#354) with the addition of debris de- 


flectors and other improvement changes. 


A group of reliability type armament system changes- were incorporated. 
at this point. These were generated primarily by Phase VI, Phase VII 


and AFAC Program teating. 


The Sundstrand drive negative g fix (300 and on) and the, improved 


Production гадове (92. 204 on): aleg teins effective on this: block. 
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Effective i on ағарды 180 and ön aê: the d; 8, Е. (мкм) provisions 


| which permits the in-flight use of this "dummy missile" to aid in data 


| gathering and trouble shooting. ‘Retrofit ECP 6100 also brings this group 
۱ of aircraft to an 8-10 #354 configuration. 
„3 AIRCRAFT #354 THROUGH 458 AND 534 THROUGH 574 

A more nearly complete MG-10 Aircraft and Weapon Control System will 
be realized on 8-10 #354 with the addition of Data Link. Also included 


at this point are the added capabilities of snap-up and optical sight- 


ing attacks. 


~ جو کے СЕ‏ 


| Live missile testing is enabled at this point which allowa а loaded 
I live missile test by the self-test circuitry of the MG-10 system on a pre= 
| flight basis. GAR-2A compatibility with the М0-10 system is achieved here 
| ав well as improved ermament system reset operation and more reliable 
armament cycling. 
The rate gyro change ECP 1143 provides a more reliable unit and im- 
proved operation of the flight control system. 
All remaining aircraft, reliability changes are effective in this 
block. 
3⁄4 AIRCRAFT #459 THROUGH 533 AND 575 AND ON 
i The аїїсгаї& and М0-10 Fire Control System installation and provi- 
| sions become completely effective on #459 with the incorporation of ECP 
1213 related to the AILAS and Automatic Attack modes of AFCS. ‘The imple- 
mentation of the Altitude Hold'mode is contingent upon delivery of suitable 


0ٰ9 control — ص208‎ realized before this effectivity. 
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Considerable improvement in Fire Control System reliability is brought 
about here with the incorporation of changes generated by the Modified 
AFAC Program. | 

The Hughes Aircraft Company ECP #0265 provides an improved Air Data 
Computer which incorporates actual missile and rocket ballistic data from 
flight test in lieu of calculated data. This will eliminate rocket and 
missile jump angle errors at operational altitudes. А re-programmed mis- 
sile F distence (optimum range} is also associated with this ECP. 

Convair is presently formulating a retrofit package for these changes 
for submittal to the Air Force. 
WEAPON. SYSTEM EFFECTIVENESS 

NOTE: See chart on page 28. 
AIRCRAFT #66 THROUGH 88 

Values of GAR-1D hit probability Py, reliability probability Рр and 
kill probability Py, for these aircraft ere based upon actual firings 
from the Phase VI, Phase VII, Quality Control and AFAC Programs. Only 
missions against balloons, parachutes and QB-17's are considered here in 
order to permit a common basis for comparison. The data used is as follows: 

Total missiles launched = 


Total missiles guided = 
Total Hits - 


132 (GAR-1, 1D) 
62 
29 


This is considered a reasonably large sample. 


total hits = 29 = .47 


Рн = 
total guided 62 


For this sample size we are 95% confident that this number is 


correct + 0.06. 
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| R total launched 132 


For this sample size we are 95% confident that this number is cor- 
rect + 0.04. 
Py for a single missile = Py, Ра Py where P, = (lethality) 
assumed as 0.9 


0.2 


Pa = 0.9 x 0.47 x 0.47 
Py for N number of missiles = а-а), 
Риз (Salvo 3) = 0.49 
Pgo (Salvo 6) = 0.74 
4.1.1 2.75 ROCKETS 
| No indication of Py for 2.75 rockets is shown for these aircraft 
| because the parts are not in the airplanes. They will get parts, however, 
by service action. 
401.2 — GAR-2 
The GAR-2 Рр ie based upon a statistically small samples 
| Total missiles launched = 7 
| Total missiles guided = 7 
Total Hits = 4 


| = total hits  . А - 
(Single missile) Ру Forel guided 7 0.57 


Because of the small sample Pp and Py are not shown. P, was shown 
only to indicate some measure of GAR-2 effectiveness for early firings. 
The aircraft Рр, including the fire control system, is based upon 
the ratio of missions completed to missions attempted from take-off for 


both the Phase VI and Phase VII Programs. Missions aborted due to 
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applicable available. 


C Рр = Missions completed = 46 = 0.54 
Мо Pa missiona attempted 85 ۱ | 


AIRCRAFT #89 THROUGH 353 
GAR~1, 1D 
Values of САВ-1, 1D Py, Рр and РК for this block of aircraft. sre 
assumed to be similar to those computed for #66 through 88. 
AIRCRAFT Pp | 
Aircraft PR is scaled here in view of the reliability type armament 
changes effective 190 and оп. The use of these more reliable parts оп 
some of the test aircraft has justified this scaling. 
2.75 ROCKETS 
Some measure of 2.75 rocket Py is indicated here. Parts are іп 


the aircraft effective 190 and on. Full capability can be realized when 


the debris. deflectors are installed #354 and on. No actual firing data 


1s available. 


GAR=2 


GAR-2 Ру for these aircraft is considered the same across the board. 
There is no data available to justify any other figures. 
AIRCRAFT #354 THROUGH 458 AND 534 THROUGH 574 
GAR-1, ID 


Values of GAR-1, 1D Py, Рр and Py for this block of aircraft are 


assumed to be similer to those computed for #66 through 88, 
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4۰2۰2 AIRCRAFT PR 
| Aircraft Pp is again improved at this point in production since all 
of the reliability type armament changes will have been incorporated. As 
| а basis for numbers the Modified АҒАС Program at Holloman AFB was used. 
| The aircraft used on this program have most of these changes. 
Aircraft Pp = 0.75 
The computation for A/C Pp is shown below for the next block of 
aircraft, 

4.3.3 2.75 ROCKETS 

№ firing test data is available for 2.75 rockets. The values shown 
are estimated; А Py of 0.2 is predicted against. 8: maneuvering target. 
For the present Air Date Computer the upper limit is 0.5 to 0.7, depend- 
ing on altitude, against a non-maneuvering target. (Reference Hughes 
Aircraft Letter #4114/157 dated 24 August 1956). 

! The debris deflectors are effective on aircraft #354. 
4.3.4 GAR-2 
GAR-2 Py is considered the same across the board. There is no data 
available to justify any other figures. 

hih AIRCRAFT 459 AND ON, EXCEPT 534 THROUGH 574 
4:4. GAR-1, 1D 
Values of САВ-1, 1D Рр, Рр and Py are based оп test firings ассопр- 
| lished on the Modified AFAC Program for the period from 2/4/57 to 3/8/57. 


The data used is as follows: 
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Total missiles guided = 26 
Total Hits = 10 
210. 
| Pg = 56 = 0.38 
| For this sample size we are 95% confident. that this number is cor- 
| | | ۱ 
| rect 10.1. The large tolerance appears here because the sample is consid- 
erably smaller than the sample used for the other computation. 
For this 2 size we are 95% confident that this number is cor- 
rect 30.07. 
Ра - Pt, PR Pg = 0.29 
| Ркз = 0.64 
Руб = 0.37 
4.42 GAR-2 


GAR-2 Py is the same for these aircraft as it is across the board. 
There із no data available to justify any other figures. 
4.4.3 2.75 ROCKETS 

The values of Py indicated are again estimated because no test fir- 
ing data is available. However, with the use of the improved Air Data 
Computer the upper limit is estimated to be approximately constant indo- 


pendent of altitude. 
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AIRCRAFT Pp Ка ан ава‏ لال 
Aircraft P, is besed on data gathered from the Modified АРАС Pro-‏ 

gram for the period from 2/4/57 to 3/27/57. 


| missions completed . 18 - ےم م‎ 
Airoraft Py = ТОЗО tsa ш 2 50479 


Missions aborted for Firing Range difficulties are not included. 
An increase of 40% is shown over the aircraft Pg computed on a simi- 


Convair is presently setting up a program which will allow a "fine 


grain" analysis of reliability factors for future programs. 
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| From: Weapons Delivery Design Group 
Subject: Addendum to Convair Report ZQ-8-011 


The attached charts contain data relative te the Phase VII GAR-2 
Firing Program and the ADC Tactical Evaluation Program, Extended 
"Fast гам", which were monitored by design suppert team persen- 
nel, 


Subsequent addendums will be distributed as the various programs 
are completed, 


Prepared by: £ 20, Каа 
| R, М, Perrin | | 
Senior Design Engineer | 
| Weapons Delivery Design Group 
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Senior Project Engineer 
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MODIFIED AFAC AND "FAST DRAW" PROGRAMS 
A meeting was called by the Air Force 18 June 1957 to discuss the 
modified АҒАС GAR-1, GAR-1D Program at Holloman Air Force Base and the 


| ADC "Fast Draw" Operation at Eglin AFB. 


| The meeting was attended by representatives from the Missile Lab., 
| Р-102 and GAR WSPO!s, APGC, AMC, AFFTC (HAFB), AFAC, Hughes Aircraft 
Company and Convair. 
x | The following general comments were made in summation: 
| (a) The FCS accuracy and ability to launch is satisfactory. 
(b) System reliability was difficult to determine in this type of 
| test program but it has been vastly improved, 
(c) Maintenance is the Jimiting factor in realizing the full potential 
of the system. The M.E.M. and S.V.T.S. (System Verification Test 
Set) has eased the maintenance task considerably. AFAC recommends 
that ADC always fly with a M.E.M. aboard. 
(d) The accuracy of the GAR-1D missile is good and meets ipredicted 
values. 
(e) The accuracy of the GAR-1 (modified) is marginal. 
(f) The gross deficiencies in the FOS and missiles have been 
rectified. 
| . (g) 67% of the improved production GAR-1D missiles fired fell within 
597 18 ft., circle. 
(h) It was agreed that further expedited development of the F-102/ 


M0-3/GAR-1D systems be discontinued since none of the attending 
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| agencies could Е sess that were specification 
| deficiencies. 
| (1) The poor showing of the three (3) missile salvo's was discussed. 
| Although the reasons were left unexplained, it was generally 
! agreed that other things being equal the three (3) missile pass 
| should and would produce reasonable results. 
| (1) It was generally agreed that tests similar to "Fast Draw" should 
۱ be encouraged, However, they should be planned to obtain as much 
۱ ۱ statistical information as possible. 
| 
| 
| 
| 
| an = асв 
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| 3/12/57 to 3/26/57 


Modified GAR-1D Phage 


| 
Py 
PR 
Р], 
(Pa 
' Рке, 
| A/C Pp 
| > 
| 
ж 1 
+, 


! 


ig 


0.444 

0.64 

„9 (assumed) 
0.256 

0.588 

0.83 

0.84 
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4/10/57 to 5/23/57 
"Modified GAR-] Phase 
Py = 0.27 

PR = 0.84 


Р, = .9 (assumed) 


Ра = 0.204 
Ру = 0.745 


А/С Рр = 1.0 
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MISSION ANALYSIS 


| 
5 or 6 missile salvos | 


| Total qualified missions - 7 
Missions Aborted, FCS = 
Firing Missions......... = 
Successful Firing Missions = 4 


1 & 3 MISSILE SALVOS 
Total qualified Missions = 9 
Missions Aborted, A/C..... = 2 
Firing Missions........... = 7 
Successful Firing Missions = 0 
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SUBJECT: Flight loads Conference held 13 and 14 November 1958 


Conyair personnel met with WSPO and Aircraft Laboratory personnel for the purposes 
of: 


1. Presenting the 50 & 80% airloads data measured on A/C 56-455. 

2. Outlining symmetrical maneuvers to be flown to 100% on 

' A/C 56-455. 

3. Review the structural demonstration programs on A/C's 2507 and 

| 230 in light of the 50 & 80% data presented on A/C 455. 

4. Obtaining clearance to 100% for A/C 455. 

‚5. Reviewing the increased fuel static test program for Ғ106А and 8 

| and to arrange à compatible schedule for the structural demonstration 
programa on A/C 2507 and 230. 


ATTENDEES 

| N. D. Flaek WSPO (RDZSDG) 
S, lustig WADC (WCLSST) 

| Н. M, Welle WADC (WCLSSF) 
Н. ۸۰ Wood МАРС (WCLSSF) 

| ЭМ, Barnes WADC (WCFSSF) 
"А. M, Wright Convair Dayton Office 
W. D. Daniels Convair Project Office 
N. L. Wener Convair Dynamics 
A. H, Ryan Convair Dynamics 
C, E. Myers, Jr. Convair Flight Test 
R. V. Minutello Convair Flight Test 


"Partial Attendance 


|l. Convair presented the results of the 50 & 80% symmetrical loads data 
obtained on A/C 455 to date, It was pointed out that the wing tip loads 
dropped off at increasing angles of attack (1.e., higher load factor and 
| higher altitudes). Therefore, the max. positive wing loads are obtained 
at the lowest altitude and the highest speed at which 7 g's can be ob= 
tained. The data also showed that the highost nose cone loads for posi- 
tive maneuvers will be obtained at the highest altitude and Mach no. at 
| which 7 g's could be performed. 
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The following symmetrical loads and demonstration program was agreed to 


for A/C 455: 


ТҮРЕ 


Pullout 
Pullout 
Pullout 
Pullout 


Pullout 
Pushdown 


MACH ALT.(FT 
МА 7500 
1.1 12000 
Vr, 35000 
1.23 35000 
Yr 7500 
Vp 7500 


Nz(G'S) 
To 
7. 
2 
7 


° 


ошоо 


3 
0 


5.33 
-3.0 


Fwd 
Fwd 


To be flown only 
17 analysis shows 
the nose section 
to be more 
critical for this 
condition than for 
Cond. 301 


accomplished at the highest Mach at which -3.0 д can be obtainad. 


The following program was agreed to for the case XXIX A/C 230. 


IYPE 


Pullout 
Pullout 
Pullout 
Pushdown 
В-В Roll 
360° Roll 


accomplished at highest Mach at which -3.0 g can be obtained. 


MEH ALT, (FT) 
lel 12000 
Va 7500 
Vz 7500 
Vg 7500 
«75 7500 
95 7500 


G's)‏ ما( 


7.0 
7.0 
5.33 
0 3ہ 
5.0 
1.0 


C.G. 


Aft 
Fwd 
Fwd 
Fwa 
Fwd 
Fwd 


The following program was agreed to for the F106B airplane No. 57-2507. 


TYPE 


Pullout 
Pullout 
Pullout 
Pushdown 
B=B Roll 
360° Roll 


MACH АІТ, (ЕТ) 
1.1 12000 
V 7500 
Үр 35000 
ve 7500 
of 5 7500 
«95 7500 


Nz(G'S) 


еда 


7.09 
7.09 


"Thís condition may be accomplished on another F106B airplane, if not, this 


condition is to be accomplished at max. speed obtainable.” 


5. The question pertaining to clearance of A/C 455 to 100% was raised. WSPO 


stated that a blanket clearance for all 100% points is granted. 
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Distribution 
Flight Loads Conference held 13 and 14 November 1958 


Ihe question vas raised concerning instrumentation and data required for 


the remaining portion of the program. 


The Aircraft Laboratory stated 


that nose cone instrumentation is required for conditions 55-201, 55-301 


and 55-209 should the later condition remain in the program. 


The nose 


cone instrumentation is not required to be operative for the asymmetrical 


portion of tho program. 


Tt was further agreed that no wing instruments 


tion is required for rudder kick maneuvers and only to be required for 


roll maneuvers that aro critical for combined wing and teil loads. 


The static test schedule for increased fuel tests on the F-106A and 7-68 


was reviewed. 


Static Test personnel pointed out that it is planned to 


cnly test 3 symmetrical and 1 asymmetrical conditions plus a few local 
load tests (rudder, radome, etc.) to the increased fuel configuration. 
The tests are presently scheduled to begin the last week in December 
1958, pending receipt of loads from Convair by 5 December 1958, and aro 


to be completed by 15 February 1959. 


Clearance to 100%, for symmetrical 


manouvers could be obtained by 20 January 1959 and for 100% asymmetrical 


maneuvers by mid-February 1959 based on present schedules. 


Clearancs to 


100% for A/C's 57-2507 and 57-230 will be accomplished by TWX from WSPO 
as static tests are satisfactorily completed. 
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۱ Bo Wo Durfee _ № Ae Pickens 
; Јо Breen Do Go Moody 
В Е. Lez с Rez Ubben 
D. Jo Comstock | Tom Wilcox 
| В. Б. Turner (absent) В. Eo Lowry 
۱ i D. Ro Steuart 
Lo E. Ottem (absent) 
Prepared by: Go 7 McBride 
0. J. 0 
۱ 
RECEIVED 
10) 20758 


ENGR. 


: Š PLT, 


© 


Minutes of HugheseConveir Mie] Project Coordination Meeting 


San Diego, California - Tussday 18 Nov. 1958 = Shot 1 


CONVAIR- Me PRIVATE DATA 


Ao CONTRACTS 


Хо Joint Action on Pre-Coatrect Go-2bozü- Mandatory and 
Swiüy Ra 


fhe responsibility to coordinate joint action rests 
within the Contract Section of each company, As mandatory 
type changes or studies are mede known to Contracts by the 
Engincoring Department, Contracte will coordinate for Joint 
company action. 


2. Contract Status of MA-1 (29) 


fhe work on the НА-1 (20) Progrem et Hughes 10 being 
carried out on the МА-1 (10) dévelopment contract. The 
gysten will provide for antenna sizes Prom 26" to МО", | 
І. Е. Ostem Gud Бо E. Turner presented the program to the 
Air Fores yesterday, Nov. 17th. Convair hes the following 
proposals: 


Ап A/C with a 28" antenna with either а P-17 or B-2h engine 


Ап A/C with a 40" antenna with either a P-17 or В-24 engines 


Fira diraction from the Air Force is not expacted by Convair 
until the lot of 1959. 


3o Contrect/Pro-Contract Status of МА-1 Improvements 
(а) Extended Renge 


Hughes 18 going ehead with engineering under the 
MA-1 (40) contract. Hughes ECP 1115 has been assigned. 


(b) CCM. | 
The status 18 similar’ to that for "extended range”. 
Ап -ECP пшћос has not been “assigned. This item and 
“extended rangs" makes up Phase І of the Improvement 
Proposal о нв» 


PE m 


(c) Tima Division раба Link (TDDL) | 


Hughes Aircraft now has а zmensgoemsnt Contract and а 
series of meetings ars currently being №918. Мг. Do Wade 
> of CV, anû: Air "orcó Representative, end Hughes people 
. rocontly met to prepare’ an ovérell progrem. The monthly 
: coordination meeting of HAC/CV/RCA will te held this чаек. 
Following this, a presentation, for the Air Force is 
plenned. . Convair and Hughes Progreming and Planning 
Activities will coordinates proposed effectivities of TODL. 


This information 18 посйей by Friday, Nova 28 in order to 
ЕО Le اپ‎ for the Dec. ; ا یہ‎ Revie oriy Review.  . 


D. Comstock and В. Cavin to supply the data. 


(à) IR Augmentation 


. Convair has stuifed the AP request for an IR 
System in P-106 aircraft end ів near the date of 
ECP gutmittal. The original plen was to provide 
‚е Әжісіу simple system with no tie-in to the МА-1 
exeept for the scope presentation, Convair does 
not plen to use tho МА-1 programor but may wish to 
utilise MA-1 stabilization inputs. Но Murray will 
review et Hughes to determine the effect of such 
а "tie-in". Ез will phone Әс Moody by Novs 218%. 


A proposal has been submitted to the WSPO by 
Conveir. This proposal is based on the present Change 
Control policy which estebliches dash numbers and Артпо' 
nunb»rg to mandatory and non-interchangable type changes. 
ІФ accepted by Air Force, the Contractors vill be 
officially notified that. subject Change Control is auth- 
orizod. Hughes Aircraft Co. is INSEE in agreement 
with the Convair proposal. 


1. WRAMA Support Table Vo. АРС Requirements 


In view of the A/C deliveries and support item aveil- 
abilities, the Air Force is considering plans to allocate 
additional aircraft to early squadrons. The information 
furnished by D. Applegate of СУ is being reviewed by the 
Hughes Provisioning Activity. Mro Но Lex о? Hughes will 


phone 4. Pike (CV, Ext. 1391) on Thursday, Nov, 20th. 


The finel "15 (Р-106А) end 3 (#-106B)" squadron 
concept will require шонг of two — تمدمتاا‎ squedrong о 


ENGINEERING 
12 Diff. Altitude Capability of 06 


Convalr has completed their analysis о? the "д" computer. 
Hughes hes flight tested five d of tho seven (7) points 
requested by Convarr, 


Tho question vas raised ав to release of Diff. Altitude 
Capability to Air Force Plight Test Programs. 


Tre joint 010, 18 to release this capability for 
testing in Category II- III aircraft only. 


Missile hooks have left materiel on launcher ге 
ang this problem сорааув to increase at higher 80 
The item will be included in future meetings of the 
"Hiasile/Micsile Bay" Compatibility Committee. A rep- 
resontative of the Armament Section of Hughes will te 
added to the committee. It vas agreed thet weekly CV/HAC 
meetings should be continued by the committee, xis di 
certain 7۵92۵ ۵ бо 


ae, DTE? noted that changes to ішстоуо launching may 
“jump engle" and require retesting. It was also 
pa that since tha "short" launchers vere used on the 
МА-1, Convair heg used spice in the P-106B that now, 
prevents uso of a "оддог" leuncher. 


Jo Mel rovenzut 


Three phases are planned for МА-1 improvements. ‘The 
first phase includes "Extended Range бой certein CCM 
features”. While separate ECP'’s may be used, a common 
effectivity із planned for these items. 


Fhoves IE and ТІП ero being Qiscusssd by Convair and 
Hughes at Dayton this week. 


МА-1 System Tactical Capability‏ وبا 
(а) Air Force Comments Concerning ECX Equipment‏ 


Couments concerning ЕСІ ccommunicetion equipment 
heave bsen received. As yet equipment incorporating 
ECP (МА-1) 1060, "High-Fouer; Low Distortion Xntr." 
has not been flow et Palmdale. Some "squawks" are 
covered by the improvements of ECP 1060. Others vere 
Listed because the pilot did not realize thet channels 
must be "xeselected” after a suitch to aircraft power. 
In addition the voice level is evtomatically "lowered" 
to clear the line for а "data link" mossage. 


At least one of the squevks wes against the 
ARC-34 equipment, 


It was agreed that the installation of ЕСІ equip- 
ment should continue and thet а three phase improvement 
progren should be followed: 


Хо Gether and coordinete existing data 
(No Smith of Hughes hao gathered considerable data). 


22 Controlled test progran of the "current" ЕСІ equipe 
' mens 


3. An evaluation end possible inprovenment changess 


Minutes of Bughes-Convair MA-1/P-106 Project Coordination Meeting 
Sen Diego, California = Tuesday 28 Nov. 1950 = үл 


Да analysis end pleno should be available by Friday, 
Nov. 23th 1.0. before the Quarterly Review Meeting 
in Пеубопо 


(b) Methods & Recommendations for Rapid Retrofit of 
Tactical Bivrorefü = 


While Hughes ani Convair have means to make 
rapid chensec to AAD aircraft, similar coverage for 
Category IX, Category ЭН вой. early tactical “Ме 
36 not provided. 


Ho general system ie available other than 2 ۵ 
end retrofit kits, Certain changes соп be accomplished 
with the OK of the local AP prior to T.C.T.0c'0. Convair 
vill seppoint a representative to maintain list of man- 
datory .ہللا‎ retrofit ECP's. He will contact C. J. McBride 
to obtein Euwmos list of required ЕСР"в. 


5. GAR3A Status 


Hughes is going shee with GAR-3A with Air Forco approval. 
То dato Convale has not received an AF request to move cut. 
Convoir will initiate a СРО and probably go pre-contrect, 
Rughos 10816268 Aug. 59 deliveries. The major problems 
resulting from the ney missile, analysed, by Convair are 88 
follows: 


1. Added Cylinder Tube- results in new door design. 


2. "Stinger" eifed- results in relocation of certain 
missile bay equipment. 


3. Inevessed weight - may селге structural change. 


Convair requested GAR-3A design envelope and veight. Hughes 
та furnish Mr. Gilson (HAC) will coordinate with Mr. Pickens 
сү 


6. 1.1008 Interphone Problem 


It vas indicated a problem exists in the present design. 
When UEP is used, the interphone to the aft cockpit will cut 
Out. НАС will coordinate with CV on this item. Woble Smith 
(НАС) ‘ond, Jim Moore. (CV). 


T. Five (5) Da Turn Aroun? to Incorporate Revised Test Procedures 
in ° 


This time span is not being mot. HAC will attempt to 
reduce the flow time co not to exceed tho five (5) day tura 
around» 


Q 


| Coowlination Meeting 
Sheet 5 


Хо АА in AAD A/C 233 


2۰ 


Зе 


Col. Kruge has requested the incorporation of AAL 
in A/C 233 only. Convair will initiate СРО to incorporete. 
Provisions end һаубмаге should be available during the 
Scheduled mod. progrem on A/C 233 in March 1959. AAL 
flight evaluation 57113. be eccomplinhed in lata 1959. 


Pilot Assist Activation 

Hughes has 10 flight hours left on 454. Five (5) 
hours will bo for navigation test аза remaining five (5) 
hours for 811 Pilot Asaist modes. 

Hughes is submitting two ECP’s against Pilot Assist. 

1) To make minor changes to exieting boxes. 

2) To incorporate Heading pie-select and Altitude Hold. 

is meting with Air Force to attempt releage of 


Hughes ۱ 
ECP’s ала to activate Pilot Assist independent of ediditional 
Air Force demonstrations. 


Status of A/C 210 


The A/C вод eystem (МА-1/:0) are at Palmdale. Palmiale 
requested the plastic rademe ty 1 December. | 


Hughes indicated the A/C will go on flight status 2-3 
weeks after delivery. 


SCHEDULES 
1. Actuel Deliveries of HSI & Coupler (Colline Config.) 


(a) Couplers 


Convair مو‎ мен (2) additional for #1068 and 
one (1) for FLOOA in Nov. Hughes agreed to furnish. 


Convair December requirements are two (2) for 
Р1068 ала four (№) for FLOA, Hughes will deliver. 


(b) 881 


Hughes ів going ahead with changes со be covered 
under HAC ECP 1114. Since 111 HSI's kave been recalicd 
by Hughes, Convair requested а new allocation schedule 
їе establiched. Convair Project “fice will establish 
requirements with special empuesie on Category III 
А/С (106878 up through 2519). 


(>) (Continued) 


HAG indicated that since HSE unita аге sensitive 


check this on their systems end comment at next 
Monegonont Meeting. | 
2. ARDC Configuration 
(a) Reekiocation of let Set Prom MU 


Convair stated that Air Force concurs with this 
reallocation, سی‎ ona ean سای‎ 
Companys Conveir will then notify НАС Tool Co. to 
ship to Palmiale for systens beckeup. 


(5) Systems Yor the Two Eorly A/c 


Hughes will deliver the "roof house" gear for 
FLOGA in mid March 1959. 


ма Pub. 1959. 
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1 CONVAIR 
A Division of Gonersl Dynamice Corporction 
(gan Diege) 


17 Rovember 1958 


To: Mr. 6. E. Putness, Chief of Engineering Flight Тевъ 
Dre Wo Jo Sehart, Chie? of Computer Laboratories 


Subject: Charactren Pletter Installed in Naval Ordnance Research 
Caleulator (NORC) | 


The United States Proving Ground, Dahlgren, Virginis, was visited دہ‎ 3 
November 1958 а diseuss their utilization ef their 5-С Cheractron Plotter 
with the Naval ‘Ordnance Research Caleulator. Their nomenclature for the 
Charactron equipment ie the "Bh Spesá CRE Printer". My discussions vere 
with: 


Mr. Marvin S. Mamah]. e R&D Enginser, and 
Hro Walter Р. Warner. = RED Programing. 


16 was expected that information eoncorning operational experience could 
be obteinod since the wit had been delivered during April 1958. . Unfertunately, 
thie waa not the cases To date tho primary effort has been: 


1) Checking the performance sgaínst the procurement speelfication 


2) Working with Strosborg-Carlaon in attempting to correct specification 
deficiencies 


3) Putting са а demonstration show for a NRC open house. 


Ав yet the equipment has not bean асезрфед. The primary purpose for the equíp- 
ment vas to provide & high speed printer output for the NORC to replecs the 
tuo modified ХЕМ NOT printer mechaniams, The plotting capability vas ۵ by- 
produet, of the printer requirement. А detailed description of the equipment . 
and its une is given in ПРО Report По. 1620, "NORC High-Speed CRI Printer 
Progrumming Manual", dated 9 October 3958, Mr. Maxwell provided a copy which 
bas been given to. Dr... Schart. | | | 


Comments of interest from the discussion аге: 


App. Москов. Experience: ` № actual experience yet available. They expect to 

| т to ensver this question in six months (a year after receiving). It is 
planned to print all the computer information from а problem on ۰ Currently 
they store this information on magnetic tape and provide only the summary result 
in printed form. They believe that film will Re amore accessible form for 
checking previously run problems. 


ЕЕЕ Q 
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Жо: ` Мег 0. E. Рибааав, Chief of Engineering Flight "est 


| Dr. Н, до Schart, Chief of Computer Laboratories 
| Subject: Charactran Plotter Installed in NORC 


Maintenance Problems: № experience аз yet. “Indications are that once the 
entire system 18 working properly it vill be reliable. The basic charaetron 
|tube appears very satisfactory. ,. ће aifficulties are primarily with the - 
Logis system used te control the various modes of operation and to convert 

| computer output into infermatian Рог the tube to «Қорлау: 


| Planea Output Forms. The primary form for the output ів expected to be the 
2302 film مہ‎ produced by the printer. The majority of the Gata will remain in 


'¢his form to be vieved in Reecrdac Machines. For printed copies they ‘have e 
Photostat photographic copying machines that produses а 10 x 11-inch print at 
Са rate of 250 prints per hour at a cost of ten cents ($0.10) per print. These 

| are acceptable for many шезь» Фчо бурїен3 priate were obtained. For Final 
Reports better quality photographic processes will be used. They do not know 

| how suecessful they will be in getting users to be satisfied with Recordac 
VASTUM fov scanning and analysis activity. "e 


Programming for Printer: The programing roquíred to convert computer output 
into printad form or analogue plot form 15 apparently easy. ena requires very 
Little пай hours. For available typical plots tho manhbours thay had used 
varied fema био to thirty. They are developing a generalized progres which by 
filling blanks almost any plot can be programed in less than a manhour. This 
‘progrem will include the machine determining the size scale that will be good 
for the date being processed. (81x cartoons for their NORC Birthday Open House 


required only fourteen hours to program, ) 


Quality of Plots: They һауе had difficulty getting perfectly straight lines 
acress & page. Frequently the lines have a bev. The actuel error in plotting 
the individual роїоба at the line are small (within specification) but the 

| viewing effect is в curve which moy bother came users». In precuring any equip- 
ment the syecificatien statements should bo thoroughly understood as to the type 
line which may develop. 


Generals The plots produced by the EORC equipment - 007 entirely catis- 
factory for the normal use of а Charactran Plotter by Coóvaoir. We should include 
in ow study of justification the applications Convair would have for using the 
equipment as а printer of numerical outputs from the IBM 704. 


P 
“На Қо Mi noy Ч 
Engineering’ Stoff хашин» 


НКС ай | 

ёс: Fo А. Billings = 6-102 
0. Arnstreng = Stroxberg-Carlsoa 
Do Ravey с 6-119 
He Ке Chomey e 6-110 
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Тог ۱۳ ов 
Риом: Ls Eo Otten 
Бойлнуй Flight Test Cenfererce Messing Minutes, Hold 30 October 

b 

Ме 53. ~ Inadvertent dropped tank has toon recovered and indications are 


Ма 558 = 


АЙС 3 


AJU 856 - 


Мс 9 - 


Мо 161 < 


that ваше reüesiun way be required. Kel Деси. ght Lost resolve 
necoppary action with degie groupe 


No change ia schedule. 


e (Que Ат Force flight required to complete subgonie part of evaluations 


This to be follovel by thrust stand run a mubsequont power plant. 
507۰+ 


Program Фо contima to обедно high spesa points desired by НАС. 
Flight scheduled ба date. | 


Ке? ода» Роза шуу са emnteans paris ОБАМУ, 


Meats of two спрете. fuel. controls (№ slope) provides best тәуе 
formance, Рлобзео Ofjios will review with P & W. An айда бой, 
جات سیت‎ between 35 and 10,000 foot may be гаф ай with the 

5 оро eowbrol to provide neve сурови ан и information in the 
event thers is comsroveray on which боло), to 421065 for production. 


Set point tolerance са avery comtvelier to be reviewed by ramp 

сой 08 in view of БАЗАНЫ test сос وتو‎ thet MPS ecceptence toler» 
ances axe breafer Иша can be tolerated. Leuke/thite resort 
progran for 559 te be erreugod by Flight Test end reviews Зу 
Project Offles t0 Әзіеушіле ріл) schedule, 


Parte for A/B trümssr for use on БЕФ have tosn oxferad, Project Office 
te review uns o£ this with P & W. | 


Бі — ا‎ of extending 25 hour 11025 on 


Ramp Сол оре raview pract 
n br extented хорото по change on this 


actuntDYG. lf this limit c 


Co 
Menem fellow wp. 
Delavernd бо Air Foree 10/23. 
Fuel Нои; tc БӨ checked on ۴۰2۰۲۰ approximately 10/31; 


Bopieconent of stability suguentstlon mits carsectod praviously 
reported 87303. o 


Could deliver to Air Soren by 22/2. 


а Q 


CONVAIR = Sen Diego 


Modell 8 Project Office Memo Noo 58-49% . ЗА October 1958 


۸/۶ 230 = 


۱ 
Мс 232 - 
۸/6 2507- 
afe 2510» 


Реге 2 
Lateral control problems ansceiated with enap-up may be result of 
pilot coupling. Dynamico to investigate further on simulators 
Snep-up Program to be transferved to Holloman responsl bility 
effective 11/3. 
Proceeding per eshedule o 
51-658 texi test acheduled ty 21/1. 


Farts shortages Have haon reduced 50%, tut are ctfll critical in 
four (4) areas. 


НАС estimates 20% reduction in GAR reliability due to bay environment 


‘end estimates forcing function would have to be reduced 66% to correct. 


WIPO to ba conGpatod for axthority to instell splitter ani remove 
МВ-1 teffle. Data is being reduced ол long lemeher, cnubbor ead 
v гоох Cemservatorss 


Inerasesd gtrongih 406150 fin pare to have aggravated level of 
vibration ond lcocening of sttack встона hae beson победа Parrin/Missilo 
Comuitioo OTE o | 


Door loads and flutter cleared to design пе ит Mechs number. Mort 
1 Arop ct V دسادھ‎ aborted due to Т.М. failure. Rescheduled Zor 
43/4. 


Estimate FIP 13/6. 


Mologg - Готчага to Hollónnn enê Palmdale for check an may te worked out 
currant таў GALES. 


P | 
дь уз етапа. above design macinum Маар пиво о 


Taniela = investigate placard on hanübook ingbtvuctlonne 


30 Betebliah hondhook limit on altitude in consideration of equipment Limits 
qnd status of flight test. 


Yentels = follow up with flight test. 


ls investigate all avces uhich may require moro Flight test at вргеда up to 20% 
dbove epecificebion maximm Mach. 


Taniels/Techniosl Groups/Fligat Testo 


| 
I 


| 
| | 
15020222 


Т 
Senlor Project 
1333, Zone 6-133 


ілесе 


| 


| | | 
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| 

0: Disiribution 


FRO: م2۲‎ E. Otten 


| 


T" ай feet Conference Minutes held 23 October 2958 


222 teni has not yet been founds Pending instrumentation of s пет 

tank tho jetiison testo will be stostod, Flutter testing will be cons 

2 ав gogh bg the now instrumented tank 48 available. Seheduled for 
0650 7. 


ait تتثام‎ hap 3 eMimbo to complete. Climb schedule problem: bag boen ree 

solved, Roli flight will bo cecomplichod prior to тоер repair. Romp 
will bo left ot 4° on this A/G, Dynenice vill prepeze a story to 

justify waiving tha yau~-buss Limits on this Д/С for the АЎ cópezconio 
tion 


Weighing A/C шай calibrating fuck system. Mont flight scheduled for 
27 October 1958. 


Stability derivetives program Нав been reviewsd by Dynamics and the progres 
отепа samsupat in omer to expedite retira of the А/С te S.D, for 
tema mods; Dynemics end Flight Test (8.0) aro to coordinate the зе 
program with P? at. БАРВ, 


у delayed due te bad fuel system valve, Anticipated next تا ند‎ 
on 24 October, Another revised fuel control ie to be ebipped to Edwards 
d fer flight юв soon вв possible. 


А seguented belted "cookie cutter" ia being relegsed for produc tien and 


ще: 


га unit ie veing prepared for flight test use. 


Date obtained on 26% point vs. duct stability io awrently not umecole. 
Ritorts эхо being made to impseve ths data. 


те iniet duct lip euticicing tasts 0333, bo sopoated, 


| 


Q Q 
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23 October 1958 


s АС зав made flights to high‏ 2 صتہ و ی 
altitude,‏ 

аш Plent Verleramp Comittees to investigate required inlet. duct and 
тешр configuration to accomplish program. 


2 m f ATA. БЭЛ 


Flom оп 22 October. FIF has been completed. A/C will bo 002008 over to 
МЕТС upon receipt of CON. 


Қ) 


۳ T n Ae CURAE 
сащ 11 requires an acceptable FIF prior to delivery to AF. Delivery date 
із not fimm A/C hes stability problemo believed to be in the stability 
augmentation system, Revised, fuel control has besan installed. | 


B. . на ж. 
REX سی‎ сга” ےا‎ КА Ва а 


toral control system difficultioso which 000860 to be divergent wore еве | 
3۶038 during suap-up. Dynamics, Control System Steff and Flight Test 
are to investigate. 


и (2) flights have been modo, Next Фей is scheduled for 24. Osteber. 
ne prosessing of date is desized. Fiight Test to investigate. 
L. 


ква 
SHIA scheduled for 27 October fiyesvay. Some ground tests will be 0 
after delivery to Eámerds AFB. 


Bay environment 808 missile vibrstien tests are continuing. HAC 16 to 
provide missile characteristies on 24 October. 


i ' gear handle problen із FUL under investigation. | 


Indications ага that tho B-1 ignitor was ot fault. ОШО іп to continue to 
press Dovgles for an official. answer. | | 


г, in Я: 
iol даа oit oz BET 


Control system problems are believed to have been resolved, ‚ А clogged. fittor 
appears to have bean the culprit. : 


| 


40 ۲ max will be done ёо боса ав пет Lounsher jacks bave baen hooked for 


eorzoct timing. An inert кк is scheduled for firieg at V mex бп 24 
Pinhan 


Doo» 10388 and door flutter to V max hes been completed. помор deeds cheeks 


Q е 
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| 
| 


ASD EIERN: 


| 
Thirteen (13) flights in the past week. Primeriiy plagued with МА} 
پان‎ 56113, trying to get а live firing. Таз НАС requirement that 
three (3) auccegsive satisfactory operations be conducted io to be ree 
to doiormipne if tho requirement should be relaxed end thus permit 
ال‎ &ecompnlishunnt of the live firing with an МА-3, systems 


| 1. Category YE, Parts shortages are delaying the program. 
Three (3) A/C axo ACCP for ramp actuators, Service department is to 
{шде and correct. 


г.  Re-intexphone problem in previous report. The Design Group: 
reports that production А/0 are рег spec. 


3. P&Whes سے‎ the M/B fuel regulator apec. Be da to iu 
crease fuel flow. 


Tho special "30" engine fusi control Ваз been satisfaotorily 
наг on 459 and ما‎ currently being installed оп A/C 467 for АР evaluation. 
> special fuel contsol (different than the "30" mem] із alao 

% be provided fo» test on A/C 459. 
| 5. Megotations to obtain an A/B fuel regulator trimmer for ine 


stellstion on A/C 459 ога continuing. 


| 
| 
| 


Dew: ANE: ibb 
86: Distribution 


۱ 
۱ 
і 


| 


Subject : 


А/с 51 - 
| ‚ Additional points vill be run preceeding the next flutter points. 


Mc фә - 
L 


| 
д/с #453 

| 

| 


A/C 9455 


| 
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Distribution 


D. C. Worden 


Flight Test Planning Conference held 9 October 

۸ brief qualitative check on aircreft with external tenks installed 
indicates that the static directional stability may be marginal. 
Aero to check against the prediction. 


Some question exists аз to the time period shown on the schedule 
(late November) for instrumentation mod. Edwards to verify. 


Scheduled for delivery from San Diego on 28 Novenber. This is а one 
month extension of the schedule, caused by the БОР МШ; task. Project 
Office to expedite parto for the mod and to place 811 work on over- 2 


. time in order to shorten the schedule. 
- Aero to check the climb schedule —— 90 


.for determination of teil loads, will be obtained during the ramp 
flights scheduled late November. This 18 on the basis that the 
previously conducted toot points vill not be repeated. 


= Scheduled for flight on № October.  Pávexás has requested that the 


asymmetric conditions be done at full load factor. Edwards to put 
the story together on specifically what factors they require, and 
the reason for the change. Required by 13 October. 


Dynemics to. prepare material for НАВС discuasions (required by 
15 October). 


- Realistic estimate of completion of program is 15 November. Some 
question as to the need for the stability derivatives data now being 
obtained. This requirement has existed from the first, based upon 
Bughes need for the data for .۰م‎ 


Dynamics (F, Michael) and Project Office (R. Ferrin) will contact 
Hughes regarding this data and report by the next meeting. 


fhe new "Cookie Cutter” ejector: hanivare is to be installed on this 
aircraft. Parts are available. No decision has been made for | 
dixection-to-go on first tactical aircraft. P/O to call a meeting. 
with Flight Test and Propulsion Group for resolution. 


Air Conditioning, Body Group, Thermo Lab end Flight Test to resolve 
progran on revised duct lip and report at the next meeting. Set 
point requirement for first tactical aircraft still not resolved. 
Also, what is presently released for first tactical is in question, 
Lemke to investigate. 


| 
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| 

"T = The following items oro holding up the P & Н Program: 
Seal Removal 
| г Reservoir Replacement 
| | Shuttle Valve 
Project Office to co-ordinate. 

ube . ۰ Д ы 
д/с да №62 - Scheduled for turn-over to Air Force оп 13 October. 
ме ў - Turn-over to Air Force still helá-up by satisfactory ЕТЕ. 
д/с 4 230 - Schedule slipping one week due to engine over-tempe 


| integrally insulated shroud маз installed without tlie instrumentation 
` zequirementa. Question arises as to adequecy of the installation and 
this affects coming Air Force flying. я 
to co-ordinates. | | 
МС 292 - Flight set for 15 October. 
A/C sag - 15 October fly-mrayo | 
| WLLL te investigated as an aircraft that could do the air start tests 
| now echeduled for A/C 459. This would be desivable.as this aircraft 
| bas en emergency electrical system that could be used during the testa, 


A/c #eso9 - ~ Delivery to Air Force on 9 October, 
д/с фэ - - Flight testing scheduled to start approximately C aai 
Afe قوش‎ - Live MB-1 lanyard launch accomplished on 9 October. 


Next veeks program vill concentrate on on falcon vibration жены 
stub fins, snubbers and long launchers. : 


МВ-1 and/or snap-up testing will 8180 te accoupl ished on а not-to- 
| interfere basis. 


ме {о - Rupected to depart for Holloman by 10 October. ` 
A/c fen - · Instrumentation in work. Estimated flight date 22 October. 


ме деи - > Total of six good intercepts completed. Бий беба Gan -9 
МВ-3, нэг Байнга وہ مسر‎ хэмхний Live IUD می‎ и 
13 Octobar, | 


A/c 265 - - Engine ami armenent system difficulties have delayed testing. High Q 
| MB-l inert accompliched on 9 October. 


A/C 4233 - Has completed two flights in the AAD Program. Second flight radar 
| worked OK. Good date is expected. Flight scheduled for 9 October 
| for МА-1 and instrumentation check-out. 


i 
! 
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ی 
Generál:‏ 


i. Question existe as to availability ef GSE to satisfy requirements of ECP 
4140. This equipment io required to check-out сна of ECP. м 
in any геавопађје time period. 


P/O Фо follow thru for status. 


2. Changes were made to the interphone system on A/C 42507 ana #2509. These 
8 ате required in production for F-106B aircraft to avoid interzupt- 
ing the interphone by other aircreft in the vicinity. 


о ышы temperature indication is net accurate when 
шигээ. Ав en interim measure, it 16 being disconnected 
fron the тоаг cockpit. Fermenent solution must be worked out. Could be 
the proposed null balance system, provide Aix Force Goncurzenoe can be 

obtained. Jo Hurt to co-ordinate. š Р 


! 
I 
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To: Distribution 


CONVAIR 


T4 | а 2 
А S¥vision of General Dynamics Corporis 


From: W, 8. Harger 


(San Diego) 


EF TI-8B- 56h 
9 October 1958 
Index No. 


Subject: | Minutes of Meeting Held 8 October 1958, Entries to be made on DD-780-1 


! 
I 


D. N, Kahler 
В, Е. Steele 
]..]. Zathan 

В, 1, Meredith 
С, А, Тупех 

| S. Е Sowers 
W. R, Tatum 
¥ J. Ellison 
C, A, Edmonson 
W, В. Harger 


EFTL Dept 6 
EAFB, Dept. 303-0 
EAFB, Dept 303-0 
EAFB, Dept. 303-2 
HAFB, Dept, 313-0 
HAFB, Dept. 313-2 
ЕЕТІ, Dept. 6 
EFTL Dept. 6 
GFP, Dept 4-1 
EFTI, Dept. 6 


The discus sion resulted in the following agreement: 


| ۲ 1 : K y ИС "P | : 
1. | Only items purchased on DPA'$ will be entered й 42100780: 777 


2. The first page of the DPA will bear the following: "The components listed on the 
' following pages are engineering special test equipment for instrumentation and shall 
be returned to AFFTC Instrumentation, EAFB, upon completion of the F-106 test 


| program". 


DEK: WRH:lp 


Distribution: 
С. E, Putness 
V, 1, Schack 
У. L, Allwardt 


Н. Franson 
G, Davidson 
Attendees 
EFTI File 
EFT File 


3. | An additional note on the same sheet will state: "This is a special supplement", 


(Quality Control) 
(GFP) 


Asst. Design Group Engr. 


| 
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ito: 


From: 
| Subject: 


"m $551 8 


д/с #452 
| 


| 
Мс #453 


A/C 455 - 


д/с #456 


| 


A/c $359 | 
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Distribution 

D. C. Worden 

Flight Test Planning Conference held 2 October 1958 

- Aircreft hag been delivered to Edwards. Next flight scheduled 
foe 6 October. 


= Aircraft is in work in Experimentel Factory to prepare for fuel 
system and CSD testing. Mod schedule hes not yet been published. 


Engineering P&E ів to expedite preparation and distribution 
of thie schedule. 


- Aircraft is still being flown by the Air Force for subsonic 


performance evaluation. Та view of new afterburner fuel reg- 
ulator schedule obtained for the РТ engines, Thermo should 
check with P & W and Flight Test to be sure that the efter- 
burner schedule on this alreraft is correct for the РО engine. 


Airereft is still on work status. Next flight now scheduled 
for B October. 


- Airereft is ready to resume flying for the high fuel flow points 


in the stability derivatives program. The low fvel flow points 
heve teen completed. 


е Aircraft 18 ready to fly with а revised afterburner fuel regulator 


flow schedule. Flight Test ie to co-ordinate with P & W to mesh 


the programs on 461 and 459 in order to solve the engine problems 
in the most expeditious manner. Flight Test (Edwards) is to con- 
time to lend ell possible assistance to P & W in order that A/C 
361 is kept on flight status to the highest degree possible. 


Improved ofterourzner re-light hardware has been shipped from P & М 
and 18 to be installed on 459 at the earliest opportunity. The 
Flight Test request covering this task hes been forwarded to Flight 
Nest this date. 


New "Cookie Cutter" ejector hardware hes been fabricated for ۰ 
There is some question as to the usefulness of this hardware due 
to the dubious temperature information obtained оп №52. Thermo, 
Propulsion and Flight Test are to re-examine the date from 452 to 
insure that installation of this "Cookie Cutter" is the proper 
approach. 


Work on revised duct lips is proceeding in the Thermo Lab. No 
definite schedule fer a revised set of instrumented duct lips 

for the aircraft hes been obtained. Air Conditioning, Body Group, 
Thermo Lab and ЕКТ are to provide this schedule. 


- Aircraft is ready for PIT, hovever, will not be flown until receipt 


of beilment extension. 


Scheduled to leave for Edvards by 6 Oetober. Hydreulic reservoirs 
exe being changed as required by TCTO шин 


T 
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| 
| 

| A/c 0 - Planning paper zéceived et Bdvards for this aircráft indicated 

۱ the 8° ramp actuetors had not been installed.  Eovevor, 

| та inspection proved that 89 remp actuators are installed. 
| All test bases are to be requested to make a physical inspection 
| of their aircraft to be sure which ramp actuators are installed, 
| It is believed that engine temperature problems encountered on 

| this, and possibly other aircraft, resulted from use of trim 

| curves which assumed 1 1/29 ramps vere installed. 


| A new engine 18 being installed and the Snap-up Progrom will 
е о The integrally insulated shroud is being installed 
| 9 time. 


Ме доза ° Next flight scheduled for 15 October. HSI gear vill not be 
| available until 1 November. 


| 
Мс #2507 - Program has slipped. Latest delivery date 18 now 15 October. 


Мо #2509 ~ Aircraft is scheduled for acceptance by AFFTC on 3 October. A 
|. functional test flight will be flown by Convair Pilot after the 
| airplane has been accepted by AFFIC. 


۸/6 $2510 - Accepted by the Air Force on 30 September. It 48 expected that 
| it will be delivered to Convair at Edwards AFB by 6 October. 


A/C #458 - Aircraft repairo vill be completed by 6 October. Priority for 
first test flight will to given to а live МВ-1 firing with lan- 

| yard initiation, Priority for subsequent flights will be estab- 

| lished in a meeting with НАС on 3 October. Current thinking in 

| Plight Test end Dynamics Groups 18 that the missile bay enviroment 

| program should take second priority ав data reduced to date in- 

| dicates thet the vibration envirounent for the Falcon is vithin 

| the’ spec requirements for the missile. 


The current difficulties with the WSEM, resulting fron missile 
| vibration, have created suspicion as to the ability of the REM 
| to withstand vibration. Vibration checks are to be made on а 
| REM مه‎ goon as one is eveflable at Holloman. 
| 
| 


А/с $460 ~ Scheduled to depert for Holloman on 9 October. Final instru- 
mentation calibrations will be contiuued at Holloman. Test 
flying vill commence approximately 15 October. 


Program » Latest progress report received fran the joint test staff in- 
dicetes considerable deviation from the program as о 

outlined. Flight Test is currently investigating these devia- 
tions and rapid resolution is anticipated. 


| 
| 
| 
General: 


de-activated; Flight Test (Edwards) and Furnishing Group is to discuss 
this with WADC and WSPO during the week of 6 October, end will attempt 
to resolve what instrument will be installed as в replacement for the 


| 
1. The existing angle-of-attack instrumented in tactical nireruft ів to be 
| 
| 

| currently installed angle-of-attack indicator. 

| 

| 

| 

| 

| 


ex A. 
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The tail loads investigation is in work. 1% is provable that existing 
data obtained on 453 and scie additional data which will be obteined 
on this airereft will supply the information required by Dynamics. 


The study of anti-ckid brakes (originelly scheduled as а C/D study) 
will be continued for application to the А/В aircraft, 


Furnishings Group to check on availability of oxygen regulators to 
support the dual oxygen installation. (ECP 1221) , 


тесто 1F-106-518 bas been issued and requires the replacement of the 
primary end secondary reservoirs in all aircraft by 6 October. Priority 
list has been issued by the Project Office. 


Deparment 31 has been informed of the revised mod dates for various 


aircraft. Flight Test will keep Department 31 informed of any mod 
schedule changes. 


There ів a possibility that either 459 or 467 and 2509 will be sent | 

on a demonstration tour to Tyndall some time between the 10th and 30th 
of October. Flight Test 10 to be prepared to support this program, 1.e., 
line-up, OMNI, ТЕР, radares and similar equipment required for cross- 
country flying. · 


72А 


D. G. Worden 


о 


Subjects 


A/c 2 
Мс 2 


А/С $353 


д/с $455 
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Flight Test Planning Conference held 25 September 1958 


Aircraft will leave San Diego by 27 September. 
Returned to Sen Diego on 2 September for modification. Schedule 


0.2 


26 September 1958 


being established at present indicating 5 to 6 weeks lay-up. Yaw 


program was not completed and will be shifted to Aircraft 42159. 

Hardware is available for this testing. Final configuration tried. 
on #452 indicated no pitch or yar, however there still was an over- 
temperature problem, 


In Ais Force performance evaluation for climb, subsonic ceiling 
end range. Indicated 4 to 8 additional flights to complete. 


Flight date hes slipped to h October. 


Possible damage to the engine due to failure of the removal stand 
caused the engine to bo returned to the Power Plant Lab for ехаће 


ination. 


Aircraft now on Flight Stetus. 


program 


indicated. 


31 October completion of present 


Afterburner fuel regulator was calibrated епа found to be set high. 


However, . 


mantes 


Problem definitely exists in this respect. 


xe-calibrated regulator gawe sub-marginal aircraft perfor- 


A co-ordinated program with Р & W on engine problems is required 
for expeditious solution. 


Problems include - afterburner Plame out, afterburner relight, 


efterburner fuel control, fuel control сеш to prevent over-temperatuze, 


nerroy etall margin, dubious teil pine temperature indication, eto. 


Duet lip anti-icing, ав nov manufactured, is not satisfactory. 
Modified duct 11р to be instrumented for test on Aircraft #459 
(New instrumented duct lips ere to be available by 24 October). 


Ejector 


Should be delivered to Air Force by the end of next week. 


test to be expedited ~ See 0 


has been held up by instrumentation. 
Scheduled to leave San Diego by 26 September. 
Delivery has been held up by instrumentation. 


Snap-up Frogram has been held up by engine problema, ceusing 
inability to get to high speed or high altitude. "hie will cause 


the Air Force evaluation ‘program to be glippede 


Delivery 


Suap-up Program 


should be re-examined іп light of the altitude engine problem. 


Ф ЗЕ 
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| A/c $232 - Flight scheduled for second week in October. No HSI available yet. 
А/С #2407 - Aircraft on schedule. 1 October delivery. 


A/C #2509 - Av Palmdale for paint. Scheduled to return to Edwards by 27 
September. Bailment to expire 30 September. 


۵/6 4458 - о date 6 October. Missile bay environment meeting will be 

| held with Air Force on 7 and 8 October. Prior to this time, Convair 
to reduce the missile bay a data to establish campatibi- 
lity with missile spec requirements 


General progrem will be to continue with lenyord testing, followed 
ty further missile bay environment modifications. 


A/C 60 - 10 October flight date. 


AAD А/С - Meeting to bo held et Holloman on 30 September for review of program 
status and development of means for expediting seme. 


GENERAL: 

1. Future Flight Test Planning meotinge vill be hela in Room 305, Building 52 
| et 1 pom. each Thursday. 

2.  Progren on angle of attack indicator: 


З Deactivate angle-of-attack input to present indicator due to improper 
 @alibration. ` 


be Submit two part ECP to Air Force requesting concurrence to permanently 
de-activate the present angle-of-attack presentation because of the 
results reported in the Eglin ond Boeing reports, and recommend instal- 
lation of angle-of-ütteck indicator per a Flight Test Memo. 


ge Plight Test and Project Office responsible for keeping the modification 
tart dates current for airoraft going to Experimental = پر ارت‎ e 


b. Study for RAT extension et maximm q to be dropped. Dynamics Group to 
| 
| 
2 


furnish Service Engincering justification for the present RAT extension 
Speed in case the Air Farce aee tior design concept. 


5. Aixereft with armament aboard exceeds the forward cg limits for the airplane. 
This includes AAD aixeraft, Category II aircraft and Tactical aircraft. 


Following progrem has been initiated: 


ао Technical Groups vill re-analyze the aircraft loads picture for the more 
forward eg. Data to be presented to the Air Force by late October. _ 


b. Test aircraft operated forvard of the present limit will be restricted 
to 5 Б for symmetrical flight to "yellow light off", end Ц g ebove 
"yellow light on". 


1 
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б. A check їв required of the tail loads. Dynsmics preparing Flight Test 
| progress. Flight Test to review deta required and air aft assignment 
| ap вови ag possible. 


7. Considerable effort is being expended on attack mode simulation. Flight 
| | Test programs on snep-up, zoom and differential alidtwie attacks should 
be co-ordinated with simalation studies in order to minimize Flight Test 
Prograno 


8. Flight Test to report on status of integrally insulsted shroud testing. 
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ЕРТ=Р/Е-1064/1133 
26 September 1958 
Index Noo 0.8401 


R, 6. McGeary 


Proms Не Со Droego 


Subject: Summary of a Meeting on 25 September 1958 to Discuss ап Increased 


Roll Capability Preliminary Proposal for Ғ-106 Aircraft 


| 
Attendeeas Jo Adamson = Model 8 P/O Ро Buckels e Ра 
| Ne Van Horn = Dyno То Keith «> 6,85» 
To Vasquez = Dyno Ко Johnson = С,5,5 


Wo Droege < Нетер 


A Development Flight Test Program appears required to establish proper control 
system configuration to provide increased roll capability for Е-106 airplanea, 
Following a satisfactory development program an in flight demonstration of 
maximum roll rate capability should be accomplished utilising the final control 
system configuration. | 


Instrumentation required for the above testing will be similar to that used for 
Stability and control testing on aircraft 56-462, 


Preliminary estimate of time. required to modify the airplane control system 
із one (1) -motth, 


Estimate of flight test timo required to accomplish testing in six (6) months 
based upon the following assumptions. 


(8) Airplane to be utilized is delivered to the test program in a config- 
uration to permit. speeds to Ч, design, 


(5) Suitable instrumentation has been installed and activated prior to 
delivery to Flight Test, 


(c) Tuontyefour (24) data flights are required to complete the program 
(4 1, above). 


conva ~ ЗВ | d Бөке 


EFT-P/F-1064/1135 
26 September 1958 
Page two 


Ro Go MeGoary 


Sunmary of a Meeting on 25 September 1958 to Discuss an Increased 
Roll. Capability Preliminary Proposal for Fel06 Aircraft. 


Not more than one herdware revision to the control system will be 
required during ths program and thet revision will involvs changes 
euch as foo] cams system gaino бо, and not replacement of major 
components which require changes to structure or other airoraft 
87 6ء‎ 


So 1» 18 understood that tho time estimate and cost figures for this program 
| аге to bo discussed informally with the Air Force prior to submittal of an 
ШОР end eraa estimate, 


; Wo C, Drooge | 
Assistent Flight Tost Group Engineer 


ще 
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Mo I. Kdolstoin 
Jo Je Bockman 
Ко Eo Strayer 
EET. Files 
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CONVAIR 
A Division of General Dynamics Corporation 
(San Diego) 


D. C, Templeton, P. M. Prophett, L.E, Ottem, R. E. Taft T 81 2 
O. W. Harper 


Flight Test Planning Conference Minutes and F-X06 Change Board Minutes 


(8) Flight Test Planning Conference at WSPO 21 and 22 April 1958, 
(b) Project Office Memo 1758-207 dated 6 May 1958 and revised 
14 May 1958. 
(c) Flight Test Planning Conference at ARDC Detachment I on 
21, 22, and 23 May 1958, 
(d) Flight Test Planning Conference at Edwards AFB on 23 and 
24 June 1958, 
(е) Flight Test Planning Conference at ARDC Detachment I on 21, 
22, and 23 July 1968, 
(f) Flight Test Plenning Conference at San Diego on 21 August 1958. 


Enclosure: (a) Needed corrections to F-106 Change Board Minutes ав a result 
of Flight Test Planning Conferences with the Air Force, 


Н has become very apparent that the minutes of references (а), (c), (d), (e), and 
(f) are not being given to the Ғ-106 Change Board and the Change Board Minutes 
are not being corrected accordingly, Even reference (b) was not adhered to com- 
pletely, This bas created an intolerable condition, 


Enclosure (a) indicatés the needed corrections to the F-106 Change Board Minutes 
as a result of negotiations with the Air Force, The assumption is that all "Paper 
and Records" must agree with the Flight Test Planaing Conference Minutes, 


Engineering, Flight Test Technical Orders, end kits of parts are being produced 
to support tho decisions of the F-106 Change Board, but Work Orders and Sales 
Orders disagree with the Change Board and Flight Test Planning Conference Minutes. 


Only one item (CBM 106-993) appears more than once on the Flight Test Conference 
Minutes, This indicates no subsequent negotiations of any Жега have changed the 
previously established effectivity. 
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ЯМ Ye 
x 23 Septem 
To: D.C. Templeton, Р.М. Prophett, L, E, Oitem, R. E. Taft 
From: O. W, Harper 
Subject: Flight Test Planning Conference Minutes and F=106 Change Bosi 


Enclosure: (a) Needed corrections to 7-108 Change Board Minutes as a result 


| 


References: (а) Flight Test Planning Conference at WSPO 21 and 22 April 1958, ° 


:HEH:mb ff ous. 22. 0013 58 


$) Project Office Memo 458-207 dated 6 May 1968 and revised 
14 May 1958. 

(c) Flight Test Planning Conference at ARDC Detachment I on 
21, 22, and 28 May 1958, 

(d) Flight Test Planning Conference at Edwards AFB on 23 and 
24 June 1958. 

(e) Flight Test Planning Conference at ARDC Detachment I on 21, 

| 22, and 23 July 1958, 
(Ü Flight Test Planning Conference at San Diego on 21 August 1958, 


of Flight Test Planning Conferences with the Air Force. 


It has become very.anparent that the minutes of references (a), (c), (d), (2), and 
(f) are not being given to the 7-106 Change Board and the Change Board Minutes 
are not being corrected accordingly, Even reference (b) was not adhered to com- 
pletely. This has created an intolerable condition. 


Enclosure (а) indicates the needed corrections to the F-106 Change Board Minutes 
ав а result of negotiations with the Air Force, The assumption is that all "Paper 
and Records" must agree with the Flight Test Planning Conference Minutes, 


Engineering, Flight Test Technical Orders, and kits of parts are being produced 
to support the decisions of the F-106 Change Board, but Work Orders and Salos 
Orders disagree with the Change Board and Flight Test Planning Conference Minutes. 


Only one item (CBM 106-993) appears more than once on the Flight Test Conference 


Minutes, This indicates no subsequent negotiations of any item have changed the : ~ 
previously established effectivity. 
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CONVATIR 
A Division of General Dynamics Corporation 
(Sen Diego) 


In reply refer to: 
70-56-7 
23 September 1958 
Distsibution Noted 
Weapons Delivery Design Group 
Falcon Missile Vibration Committee Meeting, HAC Culver City 19 September 1958 


Attendees: Hughes Convair 

Р. С. Ackerman Eo Jo Guske 

G. S. Campbell P. Koziniak 

Ae Jo Curtis Ro Peller 

"JJ. B. Roberta Е. Wo Perrin 

"Q. McKenna He Le Robinson 
7. Weatherstone 
Le Do Hemlin 


Status of А/С 158: 

Base line data has been gathered in bay environment. investigations. Data 
englysis for these flights is nearing completion. Stub fins vere carried 
on missile on 17 September flight, but no deta obtained because of landing 
gear incident. All Convair testing has been halted until the damage to 
this aircraft is repaired. Dow-time is uncertain because damage survey 
is not completed. 


Current flight planning was outlined to be resumed when aircraft goes 
back on flight status. 


(a) Fly with nose chocks. 

(b) Fly with long launchers. 

(c) Fly with vortex generators at forwerd end of bay. 

(d) riy with longitudinal splitter. 

(c) Fly without МВ-1, МВ-1 nose baffle and with Sta. 112 deflector. 
(2) Remove transverse baffle (tentative dependent on effects of (e). 
(g) Remove missile bay doors 


(а) Fly vith door hold-open device (subsequent to effectiveness of (р) 
вой stability approval from Convair Бураев and Aercdynamics). 
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9/23/58 
Wb-58-187 
Page 72 


Falcon Missile Vibration Committee Meeting, HAC Culver City 19 Sept. 58 


2. Status of А/С #463 (HAC) 


Vibration flights have been completed. HAC 84111 non-comnittel on con- 
clusions reached - stated conclusions will be published in report on 
2% September. Random vibration capabilities. of missile will be deter- 
mined in Тар tests to be completed by 15 November. (HAC feels even 
this is an ambitious date anû possibly may be later). 


NOTE: Conveir stated that these dates will not be compatible with 


support of the first tactical airplane should s major change 
be xequixed. In order to clear the MB-l lanyard development 
on Д/С 458, 3% is likely that Convair vill re-examine the 

priority of testing to complete the reguler program first ала 
to continue the vibration program on & secondary basis. 


ed was 66113, unable to answer whether lock-on wes maintained during 


the (363 flights. 


One tentative point of un was reached that the vibration level 
is principally a matter of "q", іп that, there is not much sensitivity 
up to 800 p.5.f. Convair рушса concur in this finding, but add | 
thet two different slopes are involved - subsonic and supersonic. 


3. НАС ~ CV Data Correlation 


(а) Correlation between the deta being assimilated by HAC in the various 


(b) 


(е) 
(8) 


(в) 


test programs, Latin Square experiment, carly data collected in the 
Convair captive missile program, etc. is not fully substantiated 
insofar as fully outlining the problem. Much depends on completion 
of random vibration tests (15 November) before extent of problém can 
be defined. 


These reasons make а fully informative report to the Ғ-106 0 
difficult. 


Although it is agreed thet HAC and/or Convair reports to respective 
WSPO's should be. correlated, it 18 yet too early (without НАС con- 
clusive data) for s unified report. HAC stated that Major Augustyn 
o£ the Falcon WBFO will be at Culver City the week of 22 September 
end will expect & report from HAC on the vibration investigation. 
HAC Project Management will contact Convair Project Office on 22 
September to discuss meetings with the Air Force. 


Report оп Letin Square experiments nov in Reproduction (HAC). 
Spectral density data now being furnished to HAC by ۰ 


USEM. | 
Mr. McKenna stated thet the aft end (recorder) of the USEM is s 
completely re-designed to icolate vibration (new shock mounts, etc). 


CONFIDENTIAL 


| 
ай -СОМЕВЕМТОА |, | 
| وہ‎ 
To: | Distribution М 
Subj:| Falcon Missile Vibration Committee Meeting, HAC Culver City 9/19/58 
h. Missile Changes - cont'd 
(b) GAR 3. 


The ТЕ coils in the receiver axe being remounted to meke the unit less 
sensitive to vibration. 


Type of feed-back pots on the control surfaces are being changed as a 
precautionary measure. | 


je 156 Launcher Changes: 


HAC was questioned ‘to what extent changes were being made to correct 
the missile demage to the bottom of the leunchers on A/C 460 after only 
four firings. HAC attendees at the meeting were unable to comment on 
this question. HAC vill investigate end comment et next meeting. 


| 

| 

| 

| : 

| Next Joint Meeting: . 
| 

| 

| 


Next meeting is scheduled to be held at Convair on 26 Septenber. 


Раі ссп Missile Vibration Problem Committee 


Distribution: 

В. Pe White, 6-103 

Go| E. Putness/R. Strayer 
P. D. Ferrara, 6-136 _ 

І. Бе Ottem/D. C. Worden 
Wo T. Yorrance 

Во Wo Perrin, 6-133 

Do! Ho Benuet/H. Lo Robinson 
R. Wo Streed (HAFB) 

D. Go Moody 
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CONVAIR | "e" ~ 


A Division of General Dynamics Corporation 
(San Diego) 


23 September 1958 
D.C, Templeton, P. M. Prophet, L. E, Ottem, В.Е, Taft 
O. W. Harper 
Flight Test Planning Conference Minutes and F-106 Change Board Minutes 


(8) Flight Test Planning Conference at WSPO 21 and 22 April 1968, 
(D) Project Office Memo 858-207 dated 6 Мау 1958 and revised 
14 May 1958. 
(e) Flight Test Planning Conference at ARDC Detachment І on 
| 21, 22, and 23 Ма; 1958, 
(d) Flight Test Planning Conference at Edwards AFB on 23 and 
24 June 1958, 
(e) Flight Test Planning Conference at ARDC Detachment I on а, 
22, and 23 July 1958, 
(i) Flight Test Planning Conference at Sen Diego on 21 August 1958, 


Enclosure: (8) Needed corrections to 7-106 Change Board Minutes as à result 


of Flight Test Planning Conferences with the Air Force, 


it has become very apparent that the minutes of references (а), (с), (d), (2), and 
(0) are not being given to tbe F-106 Change Board and the Change Board Minutes 


are not being corrected accordingly. Even reference (b) was not adhered to com- 
pletely, This has created an intolerable condition, 


Enclosure (a) indicates the needed corrections to the F-106 Chenge Board Minutes 
as a result of negotiations with the Air Force. The assumption is that all "Paper 
and Records" must agree with the Flight Test Planning Confereace Minutes. 


Engineering, Flight Test Technical Orders, and kits of parte are being produced 


to support the decisions of the F-106 Change Board, but Work Orders and Sales 
Orders disagree with the Change Board and Flight Test Planning Conference Minutes. 


Only one item (CBM 106-993) appears more. than once on the Flight Test Conference 
Minutes, This indicates no subsequent negotiations of any item have changed the 
previously established effectivity, 
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... 892 | 20292 | ۸ ААА АА АА — —n<-c<v— 


۱ | 
Ë 


Оч X 
Code "А" Indicates A/C Effectivity Removal Required 
Code "А" Indicates A/C Effectivity Addition Required 
сви ТП ча rt ез о из Ot сэ 5 2 
۱ > C» r4 из ер e © ri со OO «v o е е 
106- ٩3 8 ۶ 5 5 5 5 5 8 8 38 8 8 85 8 5 ٩ її T 
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C23 AA AAA A А АА АА АА А 
C32 A A 
084 А А 
а | 


28233 
папа 
| Ms have сап- 
celled this task. 
АААА на not bean can- 
celled et WSPO) 
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Distrivution 
Do Co Worden 
Plight Test Planning Conference held 18 September 1058 


Plight 24 September. Te 
е 


= Possible control system problem encountered on a push over, 


normal power. Dynamics Group to investigate. 


Yaw problem: Preliminary information indicates that по yew 
pitch, or temperature problem 38 associated with the circular 
concentric ring configuration. Further information required 
including performance check. 


1 hour 20 minutes left on aircraft prior to lay-up. 


Aixeraft 18 in Air Force subsonic evaluation. Some question 
exists regarding yay temperature. Production reguletor for 

the RAT will be sufficiently similar to the prote-type unit 

that flight esta will not be required. 


Mod is on schedule for 26 September. Flight meeting at WADC 
regarding 60$ survey results has been delayed due to late infor- 
nation from the Dynemics Group to Structures Group regarding ECP 
ИД static test loads. 


Meeting scheduled for 7 зла 8 October. 


It is not required that flight loads program be conducted with 
the aircraft configurated for ECP 4144. 


Aircraft still ACCP for fuel lines. P/O to follow-up to get 
special. parts required for this aireraft. Design Group to 
change design as +0۳ to facilitate momivacture. 


Program. | 


Afterburner fuel flor regulator to be calibrated. If meter 
checks out then the afterburner is to be chenged in an attempt 
to. solve the severe afterburner fall cut problem in the а грехе. 


In the meantime, aircraft will fly for ramp optinizetion. 
Three severe engine problems exist at this time: 

а. A/B Бізше Qut 

b. Stall Mexgin | 

с. Afterburner Re-light 


Sufficient information regarding these problems must be forwarded 
to P & W an3 Air Force to expedite thelr solution. 


Duet onti-icing 85111 in question. Dynemics anû Technical Groups 
to resolve. 


— A 
бот. 
E 


„ я NOEL 8 PROJECT aus ee 158-416 - Page 2 е 19 September 1958 


| УУ” ~ Will be tumed over to the Air Force for Fhase IV testing during 


first week of October. 
РТР scheduled for 30 September. 


A/C #467 - Aircraft scheduled to leave San Diego by 23 September. The 
| remp spring seal has been removed from this aircraft. 


АД #230 - In snap-up program. Rovever; will suffer some e 2 problems. 
| Engine trim to the Р-17 tempereture limits. ( C). Problem 
exists on trimming P-l7 engines installed in original configurate 
duets with 1 1/29 rump settings. 


All such aircraft vill be trimmed to Р-17 temperature line rather 
than Р-11 limits. Үау buzz limitation must be issued for those 

| aircraft operating with 1 1/2° ramp setting. 

i 


ме 4232 - HSI to be available by the end of September. Will fly the first 
| week іп October, 


ме #2507 - November lst 15 the best date for parts required to check cockpit 
temperature control fixes. Flight date set for 1 October. 


МС #2509 - FIF to be flown this week. Aircraft then to be painted at 
Palmdale prior to delivery to Phase ХУ. 


A/C 4358 - Four out of five МВ-1 inert test drops with lanyard have been 
| accomplished. Due to accidental landing gear extension at high 
0, aircraft will be layed-up for repsirs. 


Flight Test responsible for getting lanyard parts to Holloman for 
all Convair (Including AAD) test sircreft. 


Flight Test to set-up revised program for lanyard testing and 
missile vibration testing in light of recent problems on this 
aircraft. 


Meeting to be held next week to establish lest phase of program 
regarding missile vibration problem. 


ме #460 ~ 15 October fly-avsy. 
Ме Де - On flight status. 


МС #65 - Repairing fuel leaks. Will fly 24 September. 
Ме 1933 - First flight 25 September. 


| 
| 
| 
| 
| 


| 
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l. In an attempt to streamline the Flight Test Planning Meetings, the 
| folloving action will be taken: 


a Meeting will start promptly et 1 p.m. 


b. Meeting will be run оп а more formal basis to avoid side and 
extraneous discussions. 


| 

| 

| c. All attendees are requested to bring to the meeting definitive 

| | answers to the problems essigned to them for resolution. 
2 
| 


jo The objectives of the meetings are to be as follows: 
| а. Review Flight Test Program ve Schedules 

| 

| b. Establish action to meintain schedule. 

| 

| 


c. Discuss problem items requiring management direction, but 
N Getailed problems are not to be resolved in this meeting. 


Uu 


4 
po. ec: 


Control Starf, Thermo and Flight Test are to review procedures for 
determining optimum ramp set point. 


There are 33 open PSR's at this time on the F-106A/B Program. During 
the next month, concentrated effort should be applied for resolution 
of these items. 


мл 


M > —‏ — — — سے ہے — eee — ито‏ --- س س 


Design Group and Project Office to check over shop menufeeturing 
tolerances for the fixed ramp. 


Technical Groups vill monitor results, determine if any flight limita- 
tions may be required for those panels out of tolerance. 
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Distribution 
D. C. Worden 
Flight Test Planning Conference held 11 September 1958 


Ground vibration testing has been completed. Scheduled for 
Ғіу-очау on 24 September. 


- Additional data analysis will be required to permit removal of the 
spring seal. It is anticipated that the decision will be made by 


12 September. Pressure distribution duct stability and transi- 
ent response data vill bs required to present to WADC. Take-off 
yaw testing will be continued until airfrane and engine time are 
used ۰ 


Aircraft is being prepared for Air Force subsonic performance 
evaluation, The large RAT testing will бе discontinued in favor 
of the Air Force evaluation. It has been determined that the 
small RAT with a revised flow regulator is marginally satisfac- 
tory for the F-106A's and B's. 


Aircraft is currently in mod for speed improvement items, engine 
change and instrumentetion changes. Med is proceeding on sched- 
ule and completion is anticipated for 26 September. 


Aircraft is on work status. Special fuel lines are required for 
the aircrart. Flight Test and TBO to check for parts availability. 


Stability and control testing will remain on A/C 453 and not be 
transferred to 456. Design Group is requested to obtain quali- 
tative antenna test information from the production flying being 
conducted at Palmiale. 


Aircraft has been having fuel quantity indication troubles. Design 
Group action to assist Flight Test in this area is required. 


If Flight Test determines that ramp optimization testing shows 
that set point must be changed, the Design Groups must take action 
to be gure that production aixzplanes are corrected. Unless 2509 
thrust curve is acceptable, this aircraft should have s thrust 
stand run to establish an installed trim curve. 


30 day extension of bailment has been requested. Flight Test to 
investigate instrumented stick shortage. 


Engine bleed valves will be activated prior to departure from San 
Diego. If decision to remove the spring seal is made, the spring 
seal shall be removed at me time the bleed valve governor is 
activated. 


A thrust stand run should be conducted to establish & trim curve 
for aircraft without ECP 4132, but with a Р-17 engins-instelled. 


No HSI is currently available. Project Office will supply an 
availability date. 


ECI gear should be operated as much as possible. 


dS eae Page #2 С) 15 September 1958‏ سد 
| 

| A/C #2507 - Parts ere required to permit cockpit pressurization testing. 

x Project Office will expedite. 


А/С #2510 - Fire control system is to be operative to provide heat source for 
adequate air conditioning testing. 


А/С #458 - МВ-1 lenyard testing continues. Aircraft to investigate effect 


«d of modification to missile bay on vibration environment. 


А/С £464 апа $465 - It is important to do live МВ-1 firings in the AAD 
program as soon es possible. 


; General: 


1. Project Office will investigate the aircraft having remp actuators set 
for less than 8° ramps. All aircraft except 453 are to have 89 ۰ 


2. Сон cupida Das een سو‎ TOR AN سو‎ суеш, ос ہو امس سو‎ come 
pressor disc. · 


| 

| 

| 

| 

| 3» Category II people have requested assistance in obtaining GSE. 
| Р. De Applegate is to assist. 
| 
| 


b, А formal proposal is to be made to Ще Му Force to delete trim servo 
fron all F-106's. 


5. No progress has been reported relative to C & D improvements that меге 
decided upon for study. The Project Office is requested to report on 
progress et the next meeting. 


DCW :ig 
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SUBJECT: | Р-106А/В September Problem Status Record Meeting 


ENCLOSURE: (A) PSR Meeting Agenda 


The Monthly FSR Meeting will be hold on 16 and 17 September. 
Mensre. Lenke, Dorranes end Weinwzight are requested to attend thia 
meeting for the purpose of discussing open and inactive PSR itens 
with Test Base and Project Office representatives, It іє suggested 
that cognisant Design Group personnel be alerted to provide dateil 
information on an On Call besia, 


Enalosure (A) із a current listing оҒсроп and inactive BSR 
items whieh will form the meeting agenda. 


Xn view of the large number of "Unsolved" items, a concontrated 
effort 810014 be mede on the part of all responsible Profest Office, 
Plight Test end Design Group porsonnel to resolve these items. 1% 
is requested that all attendees have а comprehensive understanding 
of these items falling under their дар Ме оп 


Моватв. Lenka, Dorrance, Wainwright and Design Group representatives 
nocd only attend that portion of the meeting which concerns their 
rogpcotive design group. Mr. Lemke із requested to bo in attendance 
et 9:20 on 16 September and will bo followsd by Ме, Dorzanss. It is 
anticipated that Ме. Wainwright Л, not be called until 27 September. 


You vill be advised of the поо аб location by. telephone. 


7 دی ده LIO:‏ 

се: • 7, Dorrance 6 бе 

"x L цав OEA 
А, M. Sua12/6-141 


ғ, W, مس‎ I 
P, М, Prophott/6-110 


№. P, Moore 
Modal 8 P/0/6-123 


PSR AGENDA 16 = 17 SPMS 


Ч 


в 


Аӛт байд. 


2 


[RR 


4-75 Engine fxoblens 


Engine Auti-Xco Тайе Среда? от 
ond Indication 


Hyd. leakage, Suttle ТИ Cyl. 
RAT Inflight Stimetural Failure 
Hsdpeulio Rudder Paekego 


Мег and Temp. 2 


0-05-09), 
820-05-038 
8:0-05-039 
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Electrical 


BRocigtoflex Ballistie Hoses 

VER Approach Aid 

1-2065 Canopy Zatch Handle Breakage 

Optical Sight 

Pilots Seat Safety Pin Xoostion 

Zeakago, Converter, liquid to Gasssus Oxygen 


` insti. of Constent МЕЗА Anti-Ico Tunction 


737592327. Hit Dicorepancies 
Master Caution Ind. Pansi Too-Dim in Sunlight 


lester Warning Control Box 

Wing Mp light Bulb Disintegration 
Electrical Есей Back to External Power Unit 
External Power Plug 

Hmarconey 8.0. Power 


Production 121071226 8 Canopy Glass Tint 
Deterioration of F-106B Canopy Panel 


Control 


Dynemies 


Q a E Pege 3 


F-106A Power Control Lever "Slop" 
Elovon Mixer Cover 


Aft Missile Bay Shield Installation 
Transverse Missile Bey Baffle Insti. 
Inflight Structural Demage to GAR-3 


MB-1, Ejector Mechanian 


108-1 Ejection Separation 


Objectionable Noise in Coskpit ` 


MIG Door and Fairings 
Nose Wheel Steering 
MLG Wheel Assembly 
7-106 Tire Failure 
Brake Chatter 


Q ақылы Ae Page 4 


820- 1-001 RoMebility 
«22-505 Pneumatics 
ben | 
$21-32-511 в 
821-32-512 : 
27-24-001 Cont. Staff 
820-234-002 "m 
820-24-003 5 z 
820234004 п ft 
8620-34-005 5 ы 
820-31-010 5. 
820-24-011 7 = 
Hol. Memo Item #20 " " 
837-46-001 Support Design 


Besistoflex Hose 1778.227028 


Emex, Lend. Gear Extension 
Cylinder, Aft Arn't Displacement. 
Cenony Counter Balance 


Wheel Brake Syctem, F-106 


Throttle Quadrant, Excessive Force Req'd. 
Lateral Control Sensitivity 

Vari-Remp Contzoller · 

Variable inlet System 

RAT Hyd. Press. Drop with 1,0, Extension 
Random Elovon Cselliations 

Dempor Engage Circuitry 

Shuttle Valve-Engine Induction 


Cockpit Entrance Ladder, 1-68 


PSR AGENDA 16 = 7 Page 5 


Hol. Memo Item #19 Electronics Intermittent Fuse Blowing = ARC-24 


Вий. Memo item рай " External Generator Splice 
Рта, Memo Item #3 " 1-2 Pitch Damper 
Find. Memo Iten £4 " Miel Marker Beacon Amplifier 


NOTE: Additional discussion items are expected from Edwards. Theme 
hin eb distributed to responsible Design Groups before the 
псе Мае, 
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Distribution 

D. C. Worden 

Flight Test Planning Conference held با‎ Septenber 1958 

~ In ground vibration - external tanks check. Rescheduled to 21 
September fly-sway dates 

Will be used to investigato the transient yew problem. 
The "elliptical ejector with ventiloted fairing to be available on 
5 September to Flight. Test. There is а possible pitch associated 


with afterburner light off from evidence gathered on early proto- 
type testing. 


The vortex generators on the ejector are to be flown on 5 September 


for deta. 


Tuo more flights required to get data on xemoving the vari remp 

geal. Flights will investigate throttle nanagement, induced. buzz 
and, super-critical operation, | the seal reduces the rear 
actuator losis and appreciably helps the redesign actuator instal- 


Decision to be medo on seal removal. prior to tho next meetin 


10. ber next flight date. Trim of the engine as installed is 
low. "Ea کوچ‎ ы QU Me 7. Meeting between БАРВ, 
Convair and Pratt & Whitney ів required to хевојуво 


Tho RAT testing anû functional test flight are still 
to the Air Force porformence evaluation. 


6 prior 


. 26 Sept. flight date. اوہ ری‎ ee s یو‎ 


50% end 80% date reduction to be completed by 26 Sep г. 
60% date will be taken to the Air Force lote this month, Data vill 
justify the critical conditions to be tested. At the seme meeting, 


Convair 0111. renew the arguments to eliminate those conditions similar 


to the F-102 conditions, Magnitude data will not be vailable until 
after nid October in order to make a quantitative com Bon with 
the static test loaüs. 


We Daniel of the Project Office to co-ordinate tho coming trip. 


September flight date. Engine is being changed due to the 7.0.‏ و 


regarding third stage compressor disk. Stability derivatives pro- 
став 48 slipping. Мау not be finished until 15 October. 


Design Group to investigate obt: | Qualitative antenne data fran 
the Palmdale acceptance flying. 


Flight Test to investigate moving stability control testing from 
153 to ۰ 


دا — 
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С 7459 - Flights for anti-icing (inlet) have been completed. Data is being 
worked cut. Need decision from the Design Group аз to the adequacy 
of the installation. 


Next phase of testing to be directed towards performance data in- 
cluding zoom. Flight scheduled for 8 September. Prior to this 
flight Edwards has relocated the shuttle valve to make it accessible 
fron the missile bay. 


Design Group to investigate for production change. 


Ramp optimization must be completed prior to Air Fores flight of 467. 
However, 3% possible, this testing to be delayed until after the seal 
decision іг made. Flight test is responsible that the optimum set 
point be set on 467 just prior to delivery to the Air Force. 


Afc 62 - Low energy compressor stalls encountered in Air Force flights. 


Convair pilot flew subsequent flight and did not encounter these 
stalls, Air Force to continue program. Flight h September. 
Delivery to АРРТО may be delayed beyond 1 October date. 


0461 = See 259. 


A/C #230 - Engine went over temperature іп the trim run setting to Р-17 trim 


x 
" 
" at Edwards АРВ» 
че 


and is now in hot section inspection. Next flight approximately 
12 September. Some question of ability to install Р-17 engine 
trimmed to P-17 rating in this airplane. In order to expedite 
next phase of testing on snap-up and zoom the engine will be instal- 
led at the ۶-17 temperature line instead of the trim line. 


#232 - Нав been delivered to the Air Force and vill go to Edvaris for 


air conditioning testing by Convair. The instrumented missile is 
available to support the test program. ARC 3% will be installed 


1858 - Some data on the missile bay environmental has been obtained. One 
more flight required to get the originsl data. 
$460 - 15 October fly-auay date on schedule. 


С #933 - To be delivered to Holloman this week after completion of the hot list. 


in - 465 - Plight next week for attack mode shakedown. 


| 


C $2507 - Parts to support the cockpit pressurization mods are in doubt. Design 
Group and Flight Test to co-ordinate. At the same time, they are to 
insure parts support for #2510 and #2531. 


C #2509 - 15 ریسا‎ functional flight test date. Still short vari remp 
tor and the emergency vari ramp bottle. Engine trim to be 
dedil сн сы 15114 before ыш аил ove to йй IV. 


Therefore, early door and launcher loads data to be obtained on #2511. 
neral: Engine third stage disk change. San Antonio has not issued shipping 


м #2510 - To be delivered in October, which is late to support #2511 program. 


instructions to get engines back to Р & W for over-heul. Project 


| Office to co-ordinate. (Barron). 
М #91. - See 2510. A елха 


| 
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Subject: Flight Test Planning Conference held 28 August 1958. 


A/C #451 Оа schedule but will be delayed three (3) daye due to Labor Day апа Open 
House weekends. 


А/С 9452 ۰ Ventilated efector flights have indicated an absence of the transient yaw. 
| An elliptical ejector flight has been conducted in rough air and as а result 
is not conclusive. = | 


Flights with spring seal removed are being conducted to estabileh the 
feasibility of ita deletion, Ramp committee fo be reactivated for guidance 
on solution of the spring seal problem. Additional test requests for 

` solution of the ejector transient yaw and ramp spring seal problem must be 
formulated immediately to prevent slipping the programmed ECP 4144 
modification starting the middle of September. 


453 Air Force evaluation flights to start Wednesday, 3 September. In the future 
engines run and cimmed in San Diego vill have the data obtained during this 
run accompany the engine to the flight test Баве, This data will include the 
trim curve used during the run, 


In work, Anticipated flighe date is 23 September. Approval hag been received 
from the Air Force to inetall P-17 engine. Vertical fin скоокедпезв pre- 
viously reported has been straightencd:out, 60% survey flight loads data 
reduction to be completed 3 September. 50% and 80% aymmetrical data to 

be completed pricr to next fight date, 


> 
шав - тэ: 7 
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А/С #456 Stability derivative data is successfully being processed through the Data 
| Station and Computer Lab, Major derivatives obtained agree with predictions, 
| Information will be availiable next meeting as to program completion date. 


A/C #459 Airplane flew away to EAFB on 16 August. Numerous squawks on ferry flight 
| prevented flight until 25 August. Flight data indicates low air flows to inlet 
duct leading edges. System analysis will be conducted to determine ability to 
| continue with this program and obtain adequate data. Ramp controller set- 
point must be finalized within the immediate future to prevent penalizing 
| performance of airplanes presently being flown with ECP 4132 and an inadequat 
| ramp controller set-point, 
| 


А/С #462 


А/С #230 


A/C #467 


А/С #2507 


A/C 82509 


A/C #2510 


А/С #458 


A/C #460 


0 
A/C #465 
General: 
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Second Air Force flight completed. Hydraulic system problems delayed 
program completion. Scheduled to fly 28 August for Convair functional 
test flight to resolve correction of problems encountered before allowing 
Air Force pilots to continue Case XIV evaluation. 


Scheduled to fly 28 August with P-17 engine installed, Installation approved 
by WSPO, =e 


Project Office to arrange shakedown flights of airplane by Convair pilot 
following present modification in San Diego and to eliminate flight squawks 
prior to delivery to Air Force. 


Modification for spin tests on echedule, Three day alippage will occur due to 
Labor Day weekend and Convair Open House. This slippage will occur in all 
airplanes being modified in Experimental, Cockpit environmental fixes for 
this airplane still not available. 


In work for Phase IV delivery. Convair functions] test flight estimated for 


и ad Painting to be accomplished at Palmdale. Project Office to 
inv 


estigate added task costs of Day-Glo paint on this airplane. 


Projection delivery to be accomplished in October. Delivery of this airplane 
must be expedited since its test program affects the test programs of air- 
planes #2508 and 2511, 


Telemetry package installed and fown for one flight with instrumented missile. 
Future flights will combine missile vibration and lanyard testing. 


On schedule in Experimental, 
In modification for start of AAD program at Holloman, MB-1 nose baffle 


being installed and airplanes being painted fire orange for tent 
identification. | 


1. | Replacement of engines as а result 25 hour limitation, #462 and 463 time to be 


extended to 30 hours before removal. If 25 hour limitation poses hardship in any 
other area, coordinate this with Project Office and ۰ 


عم 
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4 CONVAIR = e 
A Division of General Dynamics Corporavion 
(San Diego) 


ЕРТ-Рь28-8 
25 August 1958 
Index №. 0.8401 
Distribution 
Engineering Flight Test Planning 
Coordination Meeting of 20 August 1958 for JF-106C/D Follow-on 9 


R. A. Johnson CSS(6-134) D. V. Hull Propalsion(6-151) 
С. С. Golden WSIG(6-108) А. G, Melzer Air Cond.(6-151) 
A. Van Duren WSIG(6-108) Г. С. Ballintine EFT-A(6-110) 

Ч, J. Rhine Dyn. (6-106) 5, Jurchenko EFT=P(6=110) 

W. D, Gosch Thermo, (6-104) “Т, Jo Fleck EFT-P(6-110) 

R, W. Mebonald Aero: (6=105) *(Moderator) 


Project Office, Pre-Design and EFT-Instrumentation were invited but not in 
attendance. 


The proposed flight test schedule was discussed and it was determined that spin 
tests and atructural air load teste would be eliminated from the program. No 
fuel system tests would be required in flight except for fuel tank temperatures 
on the increased speed aircraft. Escape maneuvers were not considered Бо be 
required for the higher speed aircraft since the MB=1 armament would not be in 
the aircraft. The air conditioning system and refrigeration unit would have 

to be tested on both the С and D versions of the increased speed aircraft. Sub- 
sequent to the meeting the Dynamics Group determined that the Х2020-16 structural 
material would not require flutter testing since it is a stiffer material. 
Likewise, the Thermodynamics Group determined that the transparent area of the 
canopy is expected to be replaced with new material and will, therefore, neces- 
sitate testing of the windshield anti-icing system. 


Ihe above changes, as well as other pertinent items, have been incorporated on 
the enclosed chart EFT-P-C-28, dated 25 August 1958. This chart, along with 
part Il of this memo, is expected to be used in the report on the advanced 


JÉ-106 C/D aircraft being compiled by the Preliminary Design Group. This chart 


will likewise be used as a basis for the Flight Test Statement of Work. 


ав ۷ on Chart و کیک تس‎ dated 25 Саман 1958, 


He first basic proposal consists of a structural material change (ECP 4276, 
Part I), an engine change (ECP-4274) with a redesigned inlet (ECP 4277, Part I) 
for the present design limit speed of the JF-106A. These changes will provide 
increased load factor and altitude capabilities along with improved accelera- 
tion characteristics while retaining the same maximum speed of the JF=106 с/р 

8> This first proposal also shows (by the shaded area) the additional 
о! time and test tasks required if fuel in the fin (ECP 4275) is incorporated 

maintain the JF=106 C/D mission radius. It should be noted that no other 


- 
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tast agency aircraft are expected to be required for this first proposal since 
the change in the airplanes performance will be obtained during intermittent 
Extendéd.Air Force Phase II testing on the Convair рле, 


e second basic proposal adds to the first proposal those system design changes 
p 4276 Part 11) and engine inlet duct change (ECP 4277 Part. II or III) which 
increase the airplanes design speed by 0.3 Mach number. Again the increased 
test time required for the added fin fuel system is shown by the shaded area. 
Note that the other test agency aircraft have not been coordinated with the 
agencies involved and is only a suggested schedule and assignment. 


If, alterations are to be made to the assumptions and exclusions shown on the 
chart, then the flight test program proposal will be subject to revision. 


III.Amy pertinent changes to the flight test task contained herein should be brought 


to the attention of T. J. Fleck (Ext. 1662) as soon as possible in order to be 
included in the Flight Test estimate to Planning and Estimating. 


JEL: TJF:hld 
вс = Attendees 


G, MeGeary/W. C. Droege (6-110) 
M. Adamson/A. W. Kellogg(6-133) 
1, Tripp/J. 3 (6-109) 

C. Morgan (6-143) 

C. Walsh (6-142) 

Wallach (6-108) 

Hall (6-158) 

0, Andreason (6-134) 

Е. Dietz (6-154) 

Nagy (6-154) | 
Trussell (6-154) + | 
a Stumm (6-143) ы , 
McHenry (6-153) 

Hull (6~151) 

. Gibson (6-151) 

. W. Bluder (6-146) 

Millard (6-145) 

А. Pickens (6-171) 

Jennings (6-139) 

N. Munn (6-137) 

R. Gauthier (6-140) 

В. McClain (6-110) 

E. Dunnill (6-110) 
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| CONVAIR 
A Division of General Dynamics Corporation 
(San Diego) 
20 August 1958 
EFT-P/F-1064/1090 
Index 0.8401 
— ОР MESTING 
suu 172106 Kit Support for Convair Test Aircraft 
ATTENDEES: | Р. Applegate 62133 D. Meredith 31-00 
J. Barron 6-133 Ф, Mellen 15-11 
| 8. Berling 15951 É. Perryman 2923. 
| А. Bush 15-51. G. Putness 6-110 
| We Glithero 292930 7 м. Reiff 62173 
0. Harper 15-51 . M. Swinney ^ 451 
H. Hainley 15-51 G. Stanton 6-110 
Wa Heller با-8‎ R. Steele 303 
J. Irleland 8-4, R. Taft 5. 
0. Jorden 4-11 Р. Weismantel 31-00 
А. Kellogg 62133 5. Williams 600-3 
В. MeGeary 62110 A. Woods ' 600-2 
| қ 
О. W. Harper opened the meeting indicating the meeting would confine the scope 


Ме, | 


to Convair test aircraft kit support: ‘only. Мг. G. E. Putness was introduced who ` 


used the enclosed chart for his presentation. 


l. 


' The flagged areas on the chart vere discussed and clarified. Suggested courses 


o£ action vere asked, anà made,on flagged items Nos. 1, 2, 6, and 8. 


а. At Flag Ho. 1, Master ‘Planning stated that a Plight test memo initialed by 
the Project Office vould allow the Change Board Minutes to be changed 
within tuo (2) hours of receipt (special cases in 10 minutes). 


b. At Flag lo. 2, the suggestion was made by Modification Engineering that a 
shorter route was possible and this was later again suggested by ACS. This 
system vould possibly be a direct release to Mechanical Planning at Plant 2. 
No electrical or plumbing planning vould be necessary for Flight Test. Ав 
for the Convair test aircraft kito would be given the expedite treatment by 
Material to Rose Canyon for the OSP parte. It vas further suggested that 
the Change Board inform the design groups of Flight Test effectivities so 
that the DCS Master would be promptly corrected. 


со At Flag No. 6, the Suggestion was made that Modification Engineering and ACS 
publications personnel sit aide by side so that SAKO releases might be done 
at the Engincering final release date. 


d. At Flag No. 8, tha problem of obtaining material dates for Manufacturing 
Control and Rose Canyon by letter could be speeded up by the personal touch 
or use of the telephone committment with an AVO follow-up. 


| , | 
OMAR а (20 August 1958 | 
и SAN| DIEGO | ЕРТ-Р/Е-106А/1090 
| Раде 2 


SUBJECT: ۳۰106 Kit Support for Convair Test Aircraft 


2. | It was suggested that the Fel06C/D program shonld commence along the line 

suggested ín paragraph 1.b. above and that the present system (shown on the 

chart) would be streamlined апа used for the remainder or the F-106A/C 

Convair and USAF Progrem and the.Fel06C/D USAF test program, Е>35 should 

| show the procedure for the USAF test aircraft only and that after future 
weetings a separate procedure would be written for the Convair test program. 

| Therefore, for the C/D Program nó SAKO or TCTO would be needed for Р.Т. A/C. 


| 3, | А Coordination Center, possibly Master Planning, vas suggested as a means of 
| | following step by step priority cases. мэ 


“he Manufacturing Control D.I, 5-70 нов also suggested as a means of rapidly 
procuring parts for Kits for Convair test aircraft. 


eee т advocated to formulate а new Convair flight‏ زان 
necting, = dure. The Project Office was asked to initiate this‏ 


ат 27 anton IESU صب‎ 
Engineering Plight Test 


` checked Бу: تلع‎ 


R. G, MeGeary |, ч 
Flight Test Group Бодїпаег 


. 20 August 4950 
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— -Фе--- т 
2. 


6. 


По Central Agency with power or responsibility te coordinate the overall . 


task. 


Production Engineering not meeting OFF BOARD engineering dates or relaying 


packages to ACS 237 


Design groups uot complying with the intent of the 1000 series TII 


b. Design groups not consistently abiding by the intent of E-35 and 
DIS 24.019 which says CFF BOARD ENGINEERING WILL BE DELIVERED TO ۱ 
MODIFICATION ENGINEERING. 

ACS Publications acting as a cheek group for Engineering. 


& 408 has to walt indien filo for Modification Engineering and then when fel 


writing procedure, find errors end in many cases redesign becomes necessary. 
b. ACS even checking material releases and find errors in part ordering 
c. АСЗ waiting e three-week minime to release the SAKO. | 
Plant 2 coordination waits until SAKO before апу scheduling can be accomplished 
в. Write letters to Rose Canyon for material data(10 days minimm), / 2) 
b. Blueprints in many cases 10 days; SAKO reproduction 2 days by Plant 2 ys 
c. Ап approximate 12-day epan for SAKO to Plent 2 Planning, Tooling, Material 
Tabulation, Reprodection бий distribution. [S] 
Many day bold-wpe 18 Contracts area for Work Order ‘and forwarding package to ACS 


© ہ٭ہ_‎ 
for Soles Order writing. Right now affecting the AAD aireraft. or , 
ا‎ 2 
а; ФОТО from ACS before acting Ри цан 
b. Kit anû: spares estimating | 2 


с. Obtain Work Order from Air Force and iasve to ACS (Part Sales). 
OSP shortages due to ABM bold-ups in the Production Engineering, Modification 
Engineering, Material Analysis area for revised engineering and effectivity 
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(San Diego) | 
| 777 Дь August 1958 
| | EFR-Pf28-T 
| . E index Boe 0.8401 


То: Distribution 
Fram: Engineering Flight Test Plenuing 
` [Subjects | Coordination Meeting for JP-1060/D Followson БОР”в 
Attendees: В, A. Jehnson | = CSS 65134 Wo D. Gosch = Thermo б=10Ь 
C. C. Golden | > №316 6-108 Е. р, Berlin = Thermo 6-108 


G. Wo Sehwartz < Aero. 6-105 Fo Е, Dunnill = EFFI 6-110 
В. № McDonald > Aero. 6-105 8. durchenko ~ EFIP 6-110 


| We Jo Rhine = Буй. 60106 — L, В. McClain = EFFI 6-110 
D. C. Ballentins-EFTA 6110 T. Ja Fleck + ЕРТР 6-110 


The Medel 8 Project Office/Pre Design maro of 8 August 1958 was discussed and the 
attendees were briefed on the ramification of the four ECP^s presented in the memo. 
The attendees vere asked to determine the extent that these ECP’s would require 
flight testing end to have their inputs.avatlable for а meeting on or about 20 
August 1958. Utilizing these inputs Flight Test will submit its cost proposal and 
шин statement а 
= ves pointed out: by Dynamics that consideration of an 0.3 Mach increase in the 
е1060/р design limit speed may result in inadequate lateral-directional stability: 
Аз ye no Gefinite conclusion bas been made by the design and technical groups in 
this regard but it is under investigation at this tino. 
| 
| 


бОП/АУЙ С) | 14 Anguse 1958‏ هچ 


ВАН DIEGO ` ` EFT-P-28-7 
| ` Page 2 
4. 3 
"os . Distribution 
1 Coordination Meeting for JF«l106C/D Follow-on ECP's 


“the following general testing was briefly reviewed as anticipated Plight test 
ری‎ for each part of the ECP's as indicated. 


| mE EF Пепе (5 771 
| FEST TASK LONGE EHE Ir T TRE | | 
'2) Air starts 


` 3) Induction system 
М) Engine characteristics 
5) Aircraft & engine performance 
6) Ejector & shroud system 
| 1) Fuel system 
8) Flutter 
9) Spin 
16) Structural air leads (wing) 
14) Structural demonstration 
12) Snap-up & zoom 
13) Aaredynasic heating 
| ii) Air conditioning system 
15) Aír-oil својег systems 
16) Constant speed drive temp. survey · 
10) Stability and control 
4) Armament firing program 
| | a) Bay door flutter | 
b) Axmement; launcher & captive missile loads 


44 


44 


| e) Environmental missile (temps) 
d) Separation, jump angle, trajectory (unguided missiles) 


.. 


“еңі | ; 
et | e ib August hose 


Қалада 27-۳27 
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То: Distribution 


"iBubjeet: ~ Coordination Meeting for — Follów-on ECP's 


„Та brief the ECP's are: · 


Їр 4274 Engine Change 
| "Pert I Installation of the РВ engine (adv. J«T5-P-6) 


ey 


ХОВОР 3215 Additional Fuel 
| Redesign mas) ее: fin maintaining present planform to carry Фи). (epproxinately 


` ECP 4276 Structural anû System Redesign 

|. Fart I Replace wing, fusclags ала tail structural materiel with ХА020-16 کے‎ 

E for gage es а weight saving end load factor increase item. 

Part II Change all systems affected for operation at 0.3 Mach increase in design 
limit speed of the JF-106C/D (100 F temp ínercnse end 10,000 feet ceiling ریو‎ 


ECP 1277 Inlet Redesign — 
Part I Redesign present inlet for inercased erca to match E шил at present 
JF-106C/D design limit speed. 4 


design limit speed with ФҮВ-25 engine. (D duct) 
Part III Dosign new inlet with internel compression to opsratd & 0:3 Mach ‘above 


! 
| d 
| Part IL Design now inlet with external compression to operate at 0.3 Mach above 
x design limit speed with JThB-2h engine. (Square duct) 


Any additions ог changes to the ebove listing of test tasks should be rou ЕЕ to 
| ithe attention of T. J. Fleck (extension 1662) as soon as possible by all tho design 
groups, particularly those associated with ECP 4276 Part XI. | 


| 
| 
| 
| 
| 
| 
( 


Цин с. T C. Droege 6-110 В. E. Dietz 6-15 Н, Milera 62345 
+ ` d. Мо Adenson/A. W : Kellogg 62133 P, A. Nagy 6-15h Wo А. Pickens 6-171 


i F. to: Tripp. =109 | Е. Lo "Prussell 6-154 Co Jennings 6-1 

| В. С. Morgan 6-153 J. Bo Stumm 6-153 T. No ‘Munn бая, 
Ho 6. Walsh 6-142 Ga S. McHenry 6-153 Е. R. Gauthier "GsAhO 
B. Wallach 6-108 , De V. Bull 6-153 
В. Hall 6-158 ’ В. Gibson бәї5% 

| В. О. Andreason 6-134 0. Loven 62151. 


А. Wo Bluder 6-146 


Q CONVAIR Q‏ | ای 
A Division of General Dynamica Corporatio‏ | 
(San Diego)‏ 


EFT=P/T=1064/B/1081 
11 August 1958 
Index No, 0.8401 


MINUTES ОР MEETING 


SUBJECT: Р-106 7.1.1. Kit Support for Convair Test АЗРсгаг6 


ATTENDEES: J. W. Barrett = 288-8 We Зо Reap = 6-10 
As D. Bash = 15551 Co Ie Stanton’ = 6-110 
Wo Co Роу = 6-10 Ro S, Wilson = 15=51 
Ч, Heller = 8-4 8. 4. Webster = 292-8 


The meeting was opened with the general discussion of the CV test aircraft ۵ 
kit готевзе VS the USAF 71.1. kit release. Manufacturing Control vas agrdeable 
with the philosophy of shipping CV kits using the SAKO only. 


Inspection was agreeable to signing off the CV kits by цазав the SAKO to check by 
and stamp the kit short if the ТОТО was not ready when the kit accumulation чав 
complpte. The USAF kits would follow the present pattern of Inspcotion roléasing 
kite using the TCTO ав tho cheok 114%, 


Зузфейв and Procedures agreed to revise E535 to show the kit hip procedures for 
СУ topt aircraft and the USAF test aircraft. 


During the interim period of the E-35 revision, Inspection will sign off the CV 
test aircraft kits per the SAKO and Manufacturing Control will ship par tho ЗАКО, 


The question of part change arising betwoen the ЗАКО and ТОТО final revision to 
the ЗАК) uas discussed. Flight Test agreed if kits have bean shipped and the 
intent of the ACA can be accomplished, Flight Test will consider tha item closed. 


ACS indicated this TOTO final revision is tho ecooption rather than the‏ و وا ای 
rulga |‏ 


EI 


Engineering Flight Tent 


61:8 
се = Attendess (2) 
o E, Роъпева (2) 
^ Strayer 
G, MeGeary 
В, Griffin 
EFT Piles 


Q Q 


сота | 31 July 1958 
| са 


MINUTES OF MEEPIEG 


Subject: PelO6cA/B Flight Spares Prosurcnent for ФОТО Kit Support 
for #121 Aceepted Aireroft 


۸6: T. Mellen 15-11 B. White 6-110 
| с. Jorden = heil J. Benson 6-110 
M. Swinney 401 C. Stanton 6-10 


1. The meeting vas opened with a discussion of Plight Test Spares support 
end a means for obtaining early spares callout on the ۰ 


ie ost egreed to provide effectivity and schedule to the Department 
4 Sub-Change Board #epresentative end Modification Engineering immediately 
after Change Bopsd action. 


It was agreed that Код сооп Engincering would investigate with tae 
produstion design axoumo for long lead time items end орев. control items 
for spores procureiicnt imucdiately upon Flight Test notification. Мой. 
Engr. vould ia tum notify Serviee Porta of these items and Service Parts 
would indicato concurrence to Department 8. Department b would then obtain 
materiol commitments. An illustzetion of this process is shown below: 


Order pts 
when ВАКО | 
received. 


E ———— time Span = 3 Days =]. 


2. Manufacturing Manual Е-35 is presently under revision and 15 was suggested 
that Systeus and Procedures be notified of this pending procedures. 


34 he problem of spares to cupport CY Plight Test aircraft was Фо be diseussed 


at à inter dete. 
OY ZG 


G. X. Stanton 
Engineering Plight Test 


CIS:rls 


се: Attendess 
‚ Q. 08 
R. Strayer 
К. ۳۳ 
Ч. Easley 
B. Сега 

Е. Hoiniey G. 331348 

P. 6 E. Costes 

Ы. Groga W, Heller 

М. 1۷ Er? 8 


x О Q 


20 July 1958 


Subject: Ре 106 А/В Flight Test Parts Prosuronent for 721.12 Kits 


٤ Со Enaningor 4-12 С. Stanton 0120‏ 388ھ 
Мо Simoy fel U. Foy 6110‏ 
Bo Unito | 6110‏ 


1» It was agresd Flight Toast would provide effectivity and echedule 
| dates for all 7-106 Flight Test aircraft immediately after 
| Change Board action to U. Wiley cf the Sub Chango Board ge 
LM s would have proper offectivities 86 tho earliest possible 
сазео 


| Department 4 agreed p with Flight Tost furaighing offectivities 

۱ end schedule, they vould expedite the АБМ в fron preduction 

| engineering ond modification onginsering іо Ross Canyon to 

elev carly mterial availability dates. This should alley 

many dates to bo aveilahlo fer Plant 2 upon releases of the 

| SAKO. It 20 folt that Plant 2 could order at the SAKO release 
and chortageg, 1f ай}; would be keom at србос This of courte 

presludes any major revisions at а lato date. 


1% was pointed cut pecduetion АСА kits might bo bold up dus to 

Flight Test Kit requests; however, 1% is Бај. that Flight Test 
| does 200 need all kits at once, Only the first fow kite are 

| | necessary in most cases unless a gafety item is involved, 


| Now that Е«35 is being rawritten а suggestion vas made to inforn 
| | Wo Heller of System and Procedures of tho presant thinking and 
| | Бате those intentions included in E35, 


бэ Spares vas considered as a vital item. 16 sonno that Flight Tost 

dees not have oncugh ropressmtotion on the Table of Support · 
confersnces and therefore sparas can bo in cbort supply. А 

| meting is to be hold this date with Tom Mellen of Custoza 

| Sarvice on this subject with the attendess of this mecting. 

۱ Spares are а risk item 5 however, it ig felt thay can malo the 

| allotmonte tho sams timo the original AB's ако written, Any 

| ovorageo оғ shortages can bo balanesd by Deportusnt 4. 


| 3= Flight Test аргосб to add the scurce of supply on parts 
| accumulated foe FTEO kits во that Department 4 ean properly 
evaluate the parts supply. 


ест ء۸‎ ٤ (2 Фа p» 


| Ga Futness We Uiloy С. Io Stanton 
| Ко Мебзагу № Grand Engineering Flight Test 
| Q, Hillis Wo Easley 


| Bo Griffin 


| 
| 
| A/C №. 452 = 
| 
| 


a a‏ — ہے 


‚ 8 PROJECT OFFICE MEMO NO, 56~ 6 28 July 1958 
Distribution 

1. E, Ottem 

SUBJECT: Flight Test Planning Conference 24 July 1958 


Do | | 
Ld 
| 


۲۰۷ Я 
R. Р, White 6. S, Brandt 
Q. E, Putnega У. 1. Aliwardt 
Р. tt $. M, Fitzpatrick 


: ° spin 
نے ور ہت‎ but reserve the right 
to determine the need for inverted spins from review 
of the data presented on ths one inverted condition 
which was experienced, A/C is on work status for 
external tank modification. 


Progran is to proceed immediately with clearing the 
eft c.g. high speed flutter conditions. Following 
this, the throttle management program is to be ime —— 
plemented to determine the probability of engine stall 
and/or buzz and to measure the forces and time history 
of this phenomenon. ‘The purpose of thie being to 
establish criteria for fatigue tests of the duct 
structure and to define Handbook Instructions for pilot 
information and to establish a basis for inspection 
requixemen 


9. 


Agreement has not been reached with the Air Force on 


least six points on a production duct. No part of this 
progren will be activated pending receipt of ESPO 
ор, 


In the event we continue, it is expected thet the 
Y А ашалар modification date of 15 August 
can bo . 


2-2 5022222. 
available te support шой of this airplanes anytime 
after 1 August. 


~ 


. A/C Мо, 452 


A/C Но. 453 


| A/C No. 


МС No, 455 


| A/C No. 456 


! мс №. 499 


Д/С No. 462 


Д/С №. 467 


Q Q 
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= (Continued) 


The Dynamics Group is checking ramp actuator 10888 

о о е жиы р сраза сш ساوت‎ 
to support etructuro, Resolution of this is expected 

Monday, 28 July. 


= This airplane will bo laid up for 50 hours inspection 
upon completion of its present program and prepared 
for Air farce subsonic evaluation. Tests to be con~ 
rgo хээ و مان‎ include a new larger regulstor 
and larger RAT and taxi tests with nozzle open. 


Some misunderstanding still exists between Flight Test 
and the Design Groups on the practicability of reducing 
idio rpm for taxi purposes and is to be resolved prior 
to the next meeting. 


494 = The status of all aircraft at Hughes will be reviewed 


at the Enginsering Management meeting, Tuesday, 29 July. 


= Two repeat flights on 605 survey are still required, 
These are expected to be completed by 30 duly. 


Flight Test and Dynamic Groups are to resolve existing 
differences between data as reduced and predicted loads. 


= Stability derivative data will be avatleble next week. 
Data from one flight has been reduced and tapes from 
geven other flights are considered useable. 


= Aircraft will be delivered to Edwards АРВ on 31, duly 
ан achoduled. 


equipment. Design Group and Flight 
Test are to resolve this problem prior to the next 


o 


We are currently estimating this airplano will bo one 
цэх late 135 Өлім, to Da MF Fare, Efforts are 
being made to hold the schedule if possible. 


24 Ји бе 
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A/G Мэ. 230 = This nireraft hes 6122, not flom ia the snüpeup 
: ۱ 


Мб №. 232 = Ib ів expacted that this airplane 1111, be delivered 
to Edwaxda next week and will be placed on ine 
strusentation calibration work etetus in preparation 
for its asaigned test pxogram, 


А/О Mo, 2507 = One AAD pilot is still to be checked cut. Cockpit 
pressurization muges have been duplicated on the test 
stend and resolved to the sensitivity of the flow 
divider valve. This can be corrected by installation 
of а „03 zeaixictor in а sense line. A modified ۵ 
has been sont to Edwards for 2509 this date. 


After review of the canopy panel development, it is the 
conclusion of the Project Office that these panele are 
current with the state of the art end are tho best that 
сап be provided in the time period. Contrary to the 
indicstions of last weeks minutes, it ie 4 
that any further correspondence to the Air Force at 
this tine would be redundant, Adequate liaison has 
been maintained with WADC end they are well advised 
in this area. 


МС Мо. 2509 = Afterburner blow-outs were encountered four times са 
one flight at altitudes approaching max. 
Nozzle closure time was estimated to be in the 
order of four seconds. This item vill ba reviewed with 
Ра Ú next week at WADO. Teste will continue to optimize 
the ramp control to V max. 


A/C №. 458 = Eight flights, six of which were productive, were flown 
460 during last week, Six МӘ-Да were fired. Dsor loads 
have been finished. Launch 10888 95% completo, Ali 
inert И8-4з have been > Xive-motor firing on 
MB-15 are 20% completed. (Envelope for №8-1. is cleared 
except for one flight). Door and camexa pod flutter is 
95$ complete. Falcon firing 22% complete. Falcon 
captive loads are complete. МВ-1, Lanyard program and 
Falcon vibration program are required to be resolved. 


Contractual approval to incorporate ВСР 4122 on aire . 
craft 460 has been received. Further direction on this 
program wiil be forthcoming next week from the Project 
ОРГ сэ 
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Genera) успа 


1. 


2o 


3. 


4» 


2c 


There will be a meeting at WADO with P & ۲ noxt week to 
review ali outstanding power plant problems, 


Limitations have been published for those airplanes which 
do not incorporate shuttle valves in Ше vari-remp controls. 
Manufacturing problems associated with the CD noszle for 
added complexity of flapper doors requires further evaluation 


by responsible porsonnol. The Project Office will call а 
meeting on this subject. 


Project Office will coordinate assigument of Р-17 calibrated 
engines 


It is expected that open поза taxi tests will be continued 
Stee ле гора пеше иы HU حم مہم‎ 


ena P & V on 30 July. 


Р1168/6-100 
Model 8 Р/0/6-133 
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| 

| | Index No, 4.05 
ТО: | R. б. McGeary 
FROM: р. Le Watson 
SUBJECT: Minutes of Coordination Meeting Held 17 July 1958, A/C 57-2507 


ATTENDANCE: C. W. Piepsr EAFB 
| P, Manek " 
| V, Нагво Ч 
| Н. G, Semmotte ЕРТ-О 
М р. L, ٢۰5 ЕЁТ-0 
| C. Alston ЕАЕВ 


À ٥ ordination meeting наз held to review aircraft status and determine EFT/Dep 179 
303 2. for tha impending spin test modification layup. 1% was no: 
posed that the San Diego task consist of the following: 


(а) Installation of Spin Recovery Equipment and Instrumentation рег 
Instrumentation Top Drawing No. 853350. ` 


| (b) Accomplishment of the intent of ECP 4167-01, Part III (CSD alle 
| attitude tank). 


ДЕ : А š 
Dopt. 303 suggests а null-balanco type ЕСТ Indicator be installed instead of the 
type presently requested. The null balance type instruments have proved more 
enti&fectory and installation of this item will accomplish the intent ef ECP 4206. 
Pli Test will check on availability and procure indicators for the layup if 


possi los 


Tho present strake installetion extends approximately 11/2 inches from the fuselage 
with strakes in the closed position. It was suggested that the strake mounting be 
готане9 with Body and Aerodynamics Groups as to the possibility of reversing the 
hinges for a nerê flush installation, or the incerporation of suitable fairing. 

Flight Test will coordinate with the pertinent Groups. 


rake operating control handle has proved undesirable. The pilot states that 
due to wear, positivo positioning is not obtained and there із excessive free=play 
in the handle. Flight Test will discuss the possibility of control beefup with 
Furnishings Group. | 


The Spin Chute Plastic Housing incorporates & latch hold down cable. To provide 
positive locking action, a ball was swedged to the cable end on the F-106A installe~ 
tion, This was accomplished by FTEO and Flight Test was requested to determine if 
this been included in enginearing released for the 1008. 


The dpin Directional Indicator Light Lenses sero anticipated to be a procurement pro- 
blem. In this event, Dept. 303 requests the Lenses be omitted. Substitution of 
"T lenses will be made at БАРВ, - 


ب 


A4 
em 
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Index No. 4.05 
га Реге 2 


1% is requested that Weights Group review the present A/C configuration to determine 
if ballast installations are still valid. The loading requirements and spin condi= 
tions) were discussed for "Aft", "Fuselage" and "Wing" loadings. 


Structures Group will be requested to review existing speed limitations imposed on 
the epin equipment installation and increase maximum speed allowable, if possible. 


The pilot stated that a forward-viewing n camera had been installed in the 
canopy of the Р-106А, with good results. А similar installation will be investigated 
for tho JF-106B, to aid in analysis of Stall/Spin ہ1876‎ 


The aircraft is presently cleared to S0 percent limit Birloads, sufficient for the 
Spin Test Program. Dept, 303 presented a list of items necessary to provide 100 реге 
cent clearance. These items will be reviewed and possibly some will be accomplished 
during the Spin Mod Layup, од a non-interference basis. The remaining items are to 
be actomplished during the layup to remove spin equipment, prior to structural integ- 
rity demonstration. 


: сілеп, 31 Planning has provided & work task outline and parts list for tho 

| 57-2207 Spin Modification. ' Some fabricated items are completed and in stock and 
spid 1g has been released for all remaining items. ECD dates will ba released by 
Mamfacturing Control, with final kit completion date of 1 September, EFTeInstrumen- 
tation Procurement Group is presently verifying promise dates for all OSP items. 


foe | Se ee ' 
Assistant Flight Test Group Engrs 


۱۱۵2 قاط انڑت:‎ 
се = 6 52 
P. M. Prophett/G. Putnoss 
E, Strayer 
7, J. Schack 
P J. Beckman 
1, С. Droege 
Ч. P. ۳ 
We Robingon 
k. I. Edelstoin 1 | | | | 
үте ызага б. Miller/J. W, Redd 
L, Johnson/J. M. Fitzpatrick 
рі Mohr/H. E. Wright/A. Kellog 
1 
| 
| 
| 
1 
| 
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To: | Distribution 

From: D. C. Worden 

Subject: Flight Test Planning Conference 17 July 1958 


Ме №. 451 » Last spin flight scheduled for Friday. If we satisfy spec. +0 
| an final flight, the oirersft will be 1814 up for external tank program. 
Ц we do not meet spec. conüítions, the lay-up must be delayed pending 
Aix Force Meeting. We would then request waiver from spec. 0 
indiestoü they will support the waiver request. 


A/G Ko. 452 - Airexeft clear to fly the final yaw-buzz point (dive curve at 30,000 
| feet). Aircraft will then proceed to clear up the flutter points. 


Fatigue Progrem for the production duct to be established by Structures, 
Dynamics and Plight Sesto. Program to be reviewed with НАВС next week 
for concurrence. 


27 to establish the load levels for buzz with demper off fixed 
| . жашро 12 they ave high enough to require additional aircraft inspection 
'it will ети хе mandetory scheduling of the electrical change to put the 
| vari-ramp on the essential buzz. 


Design Grup to investigate vari-ranup rate versus throttle rete. 


A/G No. 453 = Present mugram to be completed ћу 28 July. This to be followed by а 
۱ 50 hour inspection end instrumentation prior to Air Force sub-sonic 
evaluation. Aircraft will then be leyed up for five weeks to repair 
гр. опе ее سمل لی‎ айы اک‎ сын 
evelus 


A/G №. 454 - Compatibility of control system and the Hughes System has been cleared 
| up through revalibration of the amplifier. 


Amplifiers on vll delivered aircraft will have to te calibrated prior 
to APCS flying. 


Meeting set at Hughes early next week regarding test programs оп alreraft 
15, 457, 463, end ADD вітеуг?%» 


A/C Nó. 455 - 60% survey repeat flights are underway. Statie test program is being 
| put on two shift basis at МАРС ín order to support flight loads program. 


A/C No. 456 9 out of 18 test points have been completed and antenna parts required 
^ by 1 September to support schedule. 


A/C Nó. 559 - Flight to БАРВ 31 July may be delayed due to installation of a Р-17 engine. 
| 


۳ i { г шм 9250 
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A/c No. 462 - Adxcraft on work status for flight discrepancies. Engine Mm 
ín the aircraft may be due to aircraft-engine compatibility problem. 


Problems exist on lateral control system. Question as to installation 
of the correct feol system in this airplane. Design Group to invest- 
igate. Convair testing mist be completed by end of July in oxüer to 
support follow-on programo 


A/C Wo. 467 - ECP 4140 and hl, parts shortages are cousing en estimated one week 
| delay in scheduled delivery to the Air Force. | 


A/C No. 230 - Next flight scheduled for 23 July. The structural demonstration | 
| planned for this airplane during the first quarter of 1959 will be on 
the hon of the first tactical aircraft configuration including 
ECP 


А/С Мо. 2507 - Cockpit pressurization tests underway, along with ADD pilot checkout. 
| August 3 is the spin modification schedule. 


Cockpit and heat-vent are not satisfactory on this. airplane. Design 
Group to investigate. 


i Cockpit Pressurization Сошиллее should actively pursue the solution 
| of problems on the F-106B Airplenese 


| 
| Mohr to put together a coordinated statement regarding the canopy panels 
| and forvard this information to the Air Force. 


А/С No. 2509 - ‘Scheduled tour ів off. Afreraft to go into the Flight Test Programe 
ши Phase à schedulei to start 1 September, Prior to that time check-out 
of the ramp system and high altitude flights to be accomplished. 


МС No. 458/ = МВ-1 hot firing at max. PO speed at 28,000 feet must still be accomplished 
‚ 460 to clear the envelopes. 
| Program will then concentrate on clearing the envelopes for GAR firings. 


General Items: 


1. Engine Committee to prepare a letter to PrattWhitmey regarding problems. Letter to 
‚ be available prior to 28 July for Bayless’ signature. 


2. thermodynamics have established limitation on ell aircraft without shuttle valve. 
Reason for limitations Чо te reviewed to see if 1% should be published. 


1 


3, ght Test questions performance and improvement that was obtained. with the 0-0 
егіс and the final aftexbody configuration. They will resolve directly with 
technical groups. 


15 Шо production duct ysw-buzz program will be run. 


ви on | Q 
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5. Because of shortage of PL7 engines it has been necessary to install calibrated 
27 engines in production aircraft. The Project Office vill arrange to have 
‘these engines replaced with uncalibrated engines at the earliest opportunity. 
Cost associated with engine change сеп be charged to the Air Force based upon 
эй of engines to support production line. 


бе homo Groups to prepare meno regarding flight envelope for the E-V GAR missiles, 


ithe GAR 11681168 to be used in the ADD Frogran, the first tactical missile, арӣ the 


GAR ЗА missile. 


To "2 7 
Convair position availeble at the coming Air Force and Pratt-Whitney ۰ 
Engine Comittee to expedite. Meeting on 18 duly at 1:00 oclock scheduled with 


mon Test. 


DOM 


D. G. Worden 


et: шилж 
о Files/6-100 
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EFT 2/7 -1065/52 
15 July 1958 
Index No. GF 
ام‎ Er 0.9 ко! 
To: Distribution 
Fron: R. с. McGeary, Flight Test Group Engineer 
Subject : ° Results of a Meeting held to Discuss Strain Gauge Calibration for 
| Missile Bay Door and Armament Launcher Instrumentation on JF-106B 
B/N 57-2510 
Reference: (а) Flight Test Analysis Memo EFT-A-106-11h 
Attendance: М. І. Edelstein - EPT-RLA Re. E. Leadon - Dynamics 
| WR. Marshall o EFT-REA W. Hoover o EFT ol 
‚М. P. Robinson ~ EFT-R&A P. Canegaly = ЕРТ-Р 
“Partial Attendance | 
1. The calibration requirements called out in the Flight Test Analysis memo Refs 


erence (a) were discussed. 


2. The calibration method used for strain gauge instrumentation by ЕРТ-1 on 2510 
ves reviewed and discussed. The discrepancies in the missile bay door cylinder 
and link loads were outlined. 


3. The following conclusions were reached during this meeting. 


(а) Dynamics Group agreed that а ten (10) percent overall accuracy for missile 
bay door cylinder, rod, and link loads would be acceptable. 


(b) ЕРТ-І stated that the calibration procedure being utilized for strain genges 
on 2510 accounts for temperature drift, in flight eir loads, and will provide 
eight (8) percent overall accuracy read out. 


| Instrumentation can correct the present discrepancies іп the 10845 data by 
| a recheck of the calibration procedure. 


(c) EFT-R&A concurs with the calibration method now being used provided that a 

| complete recheck of all steps in the calibration procedure on 2510 is con- 
ducted and that adequate data accuracy and repeatability can be demonstrated 
prior to first test flight. 


h. ЕРТ-1 will recheck the strain gauge calibrations on 2510 еда correct any discrep- 
ачин prior to the first missile bay door loads flight. 


RGM:PAÓ: re 

ec: P. Prophett/G. Putness 
R. McGeary/W. Droege 
4. Beckman/D. Kahler 
ІН. Beibert/W. Hoover 
R. E. Leadon MeGeary 

M. Edelstein/R. Marshall Flight Test Group Engineer 
iP. А. Canegaly 

‘EFT Files 
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To: Distribution 
Fron: D. C. Worden 


' Subject: Flight Test Planning Conference 10 July 1958 


А/С No. 451 - Final specification spin still to be accomplished. А/С to 
come to San Diego for external tank modification following 
above flight. 


Inverted spin program may still be run so only remove spin 
equipment which will interfere vith tank program. 


| D Aero and Flight Test (W. Нагве) to go to МАРС with spin data 
next week. Discussions to be held with Major Flack and labs. 


A/C No. 452 - Flight to be made at Mach 2, 37,500 foot altitude, automatic 


ramp, damper off, throttle chop. Remaining yaw-buzz program 
to be resolved with Air Force in meeting 11 July at WADC. 


Structures to give an allowable time and temperature tolerance 
above red line in order to obtain next yaw-buzz point on a hot 
day. 


A/C No. 453 - Turn—Coordinator Progrem completed. А/С is being instrumented 
for landing gear noise and vibration survey. 


Additional flight with production RAT 18 still remaining. 


Elevon oscillation statement by Controls Staff furnished to 
Flight Test for concurrence. Final concurred statement to go 
into Handbook. 


Subsonic ceiling flight to be made prior to Air Force evaluation. 


` A/C No. 454 = Compatibility of A/C control system stability and the HAC system 
856111 to be resolved. Problems to be checked out on a Palmdale 
A/C. Design Group to forvard requested task to Project Office 
for clearance thru Palmiale. 


 A/C No. 455 - Some of 60% points must be repeated. If required, Flight Test 

| to request P-17 trim authorization thru Project Office. This | 
сап probably be obtained for а P-9 engine without 4 and 10 | 
parts. provided speed is below Mach ۰ 


Flight loads program versus static test program to be revieved 
| . За Dayton Thursday, 17 July. Dynamics and Structures to attend. 


Q 
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д/с No. 456 - Опе flight past week. 


+ 


A/C мо. 459 


A/C Wo. 162 
А/С No. 367 
МС No. 230 


МС No. 2507 


А/С No. 2509 


afe No.h58 & 
| 460 


General Items; 


Modification date moved later by one month. This matches 
original date. Flight Test to advise HAC of data avallebility 
date. 


2 September still to be held for parts availability date to 
support modification. Flight Test to expedite testing. 


Flight to BAFB 3l July. 

Plans to be made to install АС response instrumentation in 
A/C to бо yaw-buzz program. Decision to install will be based: 
on A/C 2509 progrem direction. 

Fuel system calibration set for 17 July. 

Two flights this week • Static stebility Design Group memo 
summerizing breke system fixes that are being phased into 
production. Flight Test to verify fixes. 

No change in status 


Perto support for emergency cockpit pressurization and defficiencies 
will delsy flight until 23 July. 


EAFB to expedite. 


По loager to be considered for tour. Structural demonstration 


configuration to be cleared thru Air Force. 


Aeceptance flight 9 July. 


Subsonic climb flight to be made. All planning to be accomplished 
and parts made availcble to instrument A/C for yaw-buzz. No ramp 
load instrumentation will be installed. 


If yay-buzz program is run on A/C а new Р-17 engine will be 
installed prior to tour. 


All inerts completed up to Mach- 1.7. 
Obteinable Flight envelope to Фе cleared with live firings by ۔‎ 


15 July. Engine to be flown at Р-17 trim, but observing Р-9 
temperature limits to take edvantage of high speed drop. : 


1. Duct parts to be made for ventilating the baffle for F106-B missile bay. 


2. Project Office to resolve with Air Force which A/C will receive ECP 4132 
' to accomplish Armament Program. 


x o 3 
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3. Flight Test to expedite performance data reduction on M- 1.8 and 2.0 
| flights on A/C - 452. Data required for С/О negotiations. 


№. Altitude engine problem to be defined by committee and position forwarded 
, to P&W for their immediate action. Meeting set for 10:00 A.M. оп 
ll duly to initiate action. 


“л 


Groups to advise Inspection of any special items to be inspected during 
50 hour on » 453. 


Project Office to monitor modification parts support for flight test A/C 
and report et next meeting. 
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70: Distribution 
PROM: L. 5, Ottem 
SUBJECT: En of Flight Test Planning Conference held 3 July 1958 


A/C No. 491 = 


A/C №. 452 = 


мо (2) flights have been conducted ineluding the 
forward 


Progrem completion پاب میں‎ ie anticipated, | | 


darts YawoBuzz flight at ا‎ се. ft. ів scheduled for 
5 July. Examination of gimbal load data will be re- 
quired prior to release for further flying. 


Flight test will prepare a chart for presentation 
to Plant II to aid in obtaining Plant II assistance 
for parts support. 


| Exemination of engine O70 has revealed nothing of 


| A/C No. 453 ~ 


А/С №. 494 өш 


concern and P & W has cleared engines for operation 
in the high energy stall area. 


Relative to yew transients, Design Group and Technical 
Group activity will continue, Investigation centers 
around controlling ejector shape and وت‎ 


Eight (8) flights have been completed. The Turn Со» 
ordinator testing 18 complete. A/C is now in lay- 
up in preparation for 1.0. fairing 10588 end. additions) 
RAT testing. With respect to RAT testing, the control 
aystem oscillations encountered during earlier testing 
pale пето eee вой ап ee nd 
с дйни на testing ean bo continued. Design section 
to prepare handbook information to describe control 
gysten oscillations and procedure for coping with 
them, Both the F-102 and 7-106 are affected, 


300 7 hr. inspection, the A/C will be given 
а thrust stand run and offered to tho АҒ for a sub- 
gonic performance evaluation with the ramps fired 
in the 4° position. 


Compatibility of the MA-1 and the A/C control 
contimes to be a serious problem. Technical and 
Design Group activity in thia area will continue on 
a high priority basig. 


| 


| A/c No, 467 = 
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A/G No, 455 ыг 


| A/C No. 462 = 


| A/C No. 230 “- 


A/C No. 2507 е 


Моло, 2509 - ёс 


A/C No. 458 & 
۱ 460 - 


Q Q 


Data discrepancies discovered during the past 
week will require soveral re«flights to resolve 
these problems. 


Dynamics and Flight Test to evaluate degree and 
гг э Ее ee 


rr I DR 
will continue, Project Office will agsist in thie 


Stability testing will cannence next week, 


А memo on the brake situation has been prupared by 
the Design Group. Flight Test ia to evaluate the 
information in the memo and report as to adequacy. 


A/C remains on schedule. Ріу-анау from S.D. 18 
وو ا‎ ығы 


"1,1700 +22 Parts support 
continues to be a problem. 


Structural inspection is being conducted, Decision 
as to maintaining A/C as в back up for A/C 2509 


7 July 1958 
Page 2 


т 


~. 


| © Q 


PROJECT OFFICE МЕМО NO, 56-293 ? duly 1958 
Page 3 = 


MODEL 8 


A/C Мо, 458 - 460 (contimed) 


Tho live firings to clear the AAD progran 
envelope have been completed., 


Permission to uptrim P-9 engines to Pel? ratings 
have been withdraw pending incorporation of the 
014 aystem fix required by Р & И, 


Project Office will order speed iimrovenent parts, 
| including BCP 4132 for A/C 460. (J. Barron). 


A/C No. 46; = A third Ground Power Cart will be provided for HAC 
to support the Д/С. 


A/C Но, 465 = ۸/۵ ia et HAC, Culver City, and is in work status, 

Tha P-17 oil aystem fix hes been resolved and tuo (2) sets of parte have 
been obtained from Р & W. Two (2) additional revorked P-17'5 have been 
airlifted into San Diego. 

The МВ-1 baffling for the P-106B is still under study by the Technical 
Groups. Indicatione ore that the existing structure will prove to be 


adequate. However, а ducting study will be made by the Dosign section 
to provide a пово down monent for tho МВ-1 if it proves to be required, 


222 22-21 ёс 


І. E, Otten 
IRO: AWK: ibb 
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0561/1036 سنہ 
July 1958‏ 2 | 
Index No. 0.8402‏ | 
по: P. М. Prophett |‏ · 
From: W. P. Basley‏ ' 


Subject: Trip Report - Meeting at Pratt end Whitney Aircraft Company, Monday, 
| 30 June 1958 - #6 Bearing Compartment Leakage to Nj Rotor Disk Failure 


· An all day meeting to discuss the above two subjects was attended by the following 
, personnel: 


L. F. Ballou Propulsion Group : Convair 
۱ W. P. Easley Engineering Flight Test Convair | 
| Frank Sprogell J75. Project Engineer Pratt & Whitney 
| Fred Rossi Service Engineering Pratt & Whitney 
Ч, Pie Installation Engineering Pratt & Whitney 


, No. 6 Bearing Compartment Leakage 


Pratt and Whitney has proved conclusively by pressure testing of the 011 pressure 
ee lines under pressure in a bake oven, and by running on an engine . 
| thats 


1. By cycling temperatures of lines from cold to maximum compartment temp- 
| erature of а P-9 engine it was possible to induce leakage only very 
rarely. 


2. By running the same tests using 7-37 bearing compartment تیمس‎ 
(30°C higher than P-9) the pressure line flange connection O ring vould 
leak consistently. 


“ 


3. The ваше tests ran on lines using а "В" mit type connection rather than ` 
the flange type; showed no leakage under any condition. 


Ав в result of these tests Pratt and Whitney recommends that: 


! 1. The tube kit consisting of new pressure and scavenge lines and a rework 
| Зе са аре роо байына ыы eee 
ag soon as possible. 1 

2. Until the above kit 18 installed; an inspection be made of the strut 

| areas in the tail pipe for oil leakage and sooting after every hi-power 
| engine run. This inspection can be made by crawling up the teil pipe: 
and locking at outer end of struts with a light. This inspection pro- 
cedure has been sent by P&W through WSPO to SAAMA to the field. 
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San Diego 


To: P. M. Prophett 
Subject: Trip Report by Н. P. Easley 


' Pratt and Whitney has discovered one other possible source of oll leakage in their 


assembly procedure. If the bearing seal housing locating screws are not properly 
torqued before installing the bearing compartment cover, an interference might 


‚ exist between screw heads and cover flange which could cause leakage. Instructions 


to inspect for this condition during the installation of the tube kits is going 
to all РЕМ field representatives. 


In addition to above my ovn recommendations would be to have oil pressure gages 
monitored carefully by pilots on flights, until ebove tube kit is incorporated. 


The change to the venting of No. 6 bearing compartment made оп the P-l7 engine 
was педе ав an improvement change to service life of compartment and seals and 
in PEW's analysis could have no detrimental effect on compartment temperatures 
or on 011 leakage - we are forced to accept their analysis. 


Ny Rotor Disk Failure: 


| A ۳۰5 engine removed from a F-105 airplane for foreign object damage end shipped 


to РЕМ for overhaul; was found on disassembly to have cracks in the web of the 
No. 3 disk of Ni rotor. The following facts are known: 


1. The cracks were multiple, each crack starting in the radius of the 
`` inner edge of the thin section of the web, running around the periphery 
for 3/%-1лсһев to 1 1/2 inches then curving cutward toward the blade 
retaining bosses. 


2. Total distence around the disk subject to cracks was approximately one- 
third of the circumference. No cracks at all in remaining two-thirds 
of circumference. 


3.. There was mo sign of any foreign object damage to disk or blades of this 
particular disk. 


lh. Thorough lab analysis failed to show any abnormalities of any kind in 
material or fabrication. of disk. 


5. Engine history showed the following: 


Total time on engine „ 100 hours 

Flight time on engine • 50 hours 

Numerous sub-gonic stalls. 

Two hi-energy stalls at supersonic speeds ~ both of which were 
terminated quickly (ten seconds) by pilot action. 

(e) No evidence of any excessive vibration. 


ро кр 


Pratt & Whitney believes that this failure is а fatigue type failure due to hí- 


` energy Stell blade loads beyond those taken into account during design. 


am. ے‎ ж.м. 
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» ЕРТ-Р/Р цаа 


То: Р. M. Prophett 


Subject: Trip Report by W. P. Easley 


Pratt & Whitney is starting an extensive loads program at Wilgoose Lab on hi- 


' energy stall blade loading on this area of Ny primarily, but progressing into 
, & look at both i зввов, 


| Further thinking and direction fron РАМ will depend largely on what 18 found 


during teardown inspection of engines #70 and #129. They can at present make 
no recommendation as to number of times engines can. be шалан to hi-energy 
stalls. 


Т 


а 


| Ж ы MODEL 8 07 anos МЕМО #270-274 Q 20 -une 1958 


Mc 8853 - 


Ме вв - 


A/c #459 - 
A/c (62 - 


Distribution Е 2 
D. C. Worden | 
Meeting of Flight Test Planning Conference held 19 June 1958 


Airoraft in work status pending resolution of engine ої1 difficulty. 
Post stall gyrations have been completed pending data analysis. 
Aüditionsl spins 804. further discussion with НАРС will be required. 


Three yay buzz flights have been completed. Gimbal loads are close 
to limit but dynamic calibration data will have to be analyzed to 
know the complete story. (Data hes been obtained)» Decision as 
to Saturday flying to be made by noon on 20 June. Flight test vill 


notify Edveris. 


Yen Dorn to call WADC to obtain clearance to go "Dampers Off" to 
obtain aircreft response data in this condition. Approval hes been 
obtained and Project Office will ТИХ clearance to Edwards. 


New test request has been processed to further investigate RAT 
problems (also, oscillations of control system). High idle thrust 
testing has not sterted. 


Propulsion Group and Thermo are to issue a statement as to minimm 
engine idle speed required to provide adequate system cooling. 


НАС has problems relative to compatibility of airoraft control 
system stability and the HAC systen. 


Controls systems staff and Dynamics Group people are working with 
HAC to resolve the problem. Changes made to date have improved 
the situation but not completely solved it. 


Flight Test is vorking over time to catch up with available deta. 


Fin pick-ups @re nov available and instrumentation is clearing 
plumbing problems on a between flights basis. 


Flight Test now believes they con obtain the accuracies required to 
cooplete the test program. It appears that the program will be 
completed ahead of the current schedule. 


Plight Test should re-examine the availability of perts for the 
antenna mods. 


The aircraft has been grounded until brake problems have been 
resolved. This may be a problem area for all aircraft equipped 
with tension type cylinder. 


Aircraft other than | be involved and should be investigated. 
(CHAIWIECK - TREADS 

trol system checks showed that break out forces in lateral control 
вувђет were lov. Every effort is to be expended to maintain the | 
current mod schedule оп the aircraft. 


MENO 758-27 ~ Page #2 о 20 ¿une 1958‏ ٦2ص‏ مصحمتھ MODEL B‏ | کہ 


۸/6 #2507 - Ballast has been installed to реши}: flying at tactical "В" 
weight end С.С. Plight on 20 June is anticipated 


| 
| 
| Temperature control has been a problem end Air Conditioning Group 
| will follow-up on this problem to prevent delaying the tour. 
| 
| 


Redio difficulties are still not resolved, ас determined by ground 
ebecks, however, а flight check will ће made to confi the results 
ef the ground eheoke. 


Contimed Design Group activity is required. 


7 
A/C 48509 = Radio "fixes" ав determined, on #2507 will be incorporated after 
arrival, at Edwards АРВ. Aircraft is scheduled to leave for Edwards 


| AFB on 20 dune. Acceptance will be accomplished at Edwards AFB. 


Project Office to request. permission Фо uptrim the Р-9 to P-17 
ratings and follow-up on request for waiver fron yav-busz limit. 


Hew canopy panele with improved optics are to be available by 


26 Запе. 
ФЕ NEW PANELS 
| ا ریس ہمت‎ ео ارس رہ‎ ке аг оо ве к, 
| Edwards. Revised drag chutes (7 1/2" bay and 80" bridle) will 
| be provided for the tour. (Тешке to expedite). 


М/с 5۵/60 ~ Both aireraft have made inert drops of tho MB-l. 4h58 will 
continue to clear the envelope with inerts and 60 will be firing 


| 13уе 148-26۰ 


Dynamics and Hughes are to continue study of tho high dynamic loads 
in the captive missiles, 


| 


те missile for Flight Test on 


Мо 6/65 Аб һаа been accepted, end (365 io scheduled within the coming 


Every effort must be expanded to process these aircraft thru HAC 
and into the AAD program ав repidly as possible. 


Бе ar 72 
1. Flight Test апа Project Office vill co-ordinate with HAC to provide. j 
| Weplacement of REB МА-1 componento,f75 LEQ 2 әу ریس رے*‎ por, 
| 
2. Paint job for (859 ала #467 ваз been determine 


За One coat Dayglor 
De Two costs of clear "filter ray" with (400 vet or dry xubüoun 
Go Опе final cont of clear "filter rey” 


3» limits on Pto rekes have been established. Who limitation document quotes these 


О » 
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Merk Matyas 


Minutes of Meeting - Convair and Bengon Lehner on 
Wide Frame Camera 11 June 1958. · 


CONVAIR BENSQON-LEENER 
В. И. Reed, 1 G. Hearon . 
С. W. Alevorth, EFTI H. Katt 


J. Р. Frick, Asrodynanics 
Ro E, Craig, Aerodynamics 
Mark Matyas, EFTI 


PROBLEM UNTER DISCUSSION : 


To define. camera fairing configuration for tenative concurrence from Aerodynamics. 


1. 
| 


Benson-Lehner engineers presented а wooden mock-up of the inside space 
envelope. As defined by. EFTI lines layout drawings of the Case XIV and the 
Case XXIX Wing. This mock-up was complete with lens cut-out and lens fairing. 
(along optical center Line) molded in clay. 


Asrodynamics ferred to see. lens fairing faired back along the line of 
flight plane (13° inboard from the optical center line) ‘and faired farther 
into the camera fairing. Aero also requested that the unused portions of ` 
the fairing leading edge be trimmed back as far as possible. 


Changes requested by Aero (2 above) accomplished and verbal approval of 


fairing configuration given by J; P. Frick and R, E. Craig, 


A plaster mold of the fairing was made for ЕРТЇ use and the wooden mock-up 
returned to Benson Lehner, ЕРТІ will utilize the plaster mold to assist 
in completing drawing(s) of fairing for CV fabrication. 


| With the exception of minor improvement changes this fairing configuration 


as verbally approved by Aero defines the useable space envelope and camera 
fairing configuration. | 


سو 


aM.‏ س ee e‏ — — — لد سے وید 
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] 

б. А mock-up section of the Case XXIX wing spar сар was delivered to Benson- 

| Lehner. А similer mock-up section of the Case XIV Wing Spar should be 
ready for delivery by 20 June 1958. | | 


Flight Test ہِ‎ 20 Engr. 


| Attendees (9) 

| . Bangon-Lehner (2) - via Mark Matyas 4. 22 X. 5 а Ж dus а 
| ra Files P 402 7% А на В. k ЫР ЭЛ їр 
| 

| 
| 
f 
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| В "c паде те 
1 r 
ГАВ ы 


سے وط ہے 


‘he 


2. 


е ы 


CONVAIR 
A Division of General Dynamics. Corporation: 
San Diego. 
EFTI-8B-519 
17 June 1958 
Index 4.05 
ТО: | رل‎ Jo Beckman 
` BUBJECT: Minutes of Meeting - Strike Camera Boresight Procedures - 
` Hughes Aircraft Co. 10 June 1958. 
ATTENDEES; HAC AIR EORCE 


8. Kostiok, FTE Capt. B. Chartier 
+ - 


“HAC Analysis requested to attend but not present. | 


ITEMS OF INTEREST COVERED: 


Boresight procedure for 35 um Strike Cameras. 


The boresight procedures as jointly prepared by Conveir (ЕРТІ-8р and HAFB) 
and Hughes Aircraft Со. for the JF-106A.AAD Program were: discussed point for 
point. Over-all the procedures appear to be adequate to ‘accomplish the bore- 
sight task. A few sections needed additional amplification; This is now in 
work and the completed procedures will. be forwarded to 8: D; on 16 June 1958. 
Тоша Ue noted б ees кези eee чеке ۱ за from all the 
engineering information available at this time. } Minor changes in operational 
sequence or technique may be necessary when. the procedures exe put into. 
operational. use. 


During the discussion the following points were deemed important enough to 


warrant special mention. These points shall be considered whenever boresight 


procedures are involved. 


.& "The aircraft boresight tool coordinates shall always be used as the 


starting or reference points. 


b. Physical camera location shall be defined as the intersection of the 
optical axis and the film plene, and shall be measured to + 1/8 inch in 
the station, waterline, and buttline plane. This shall be the point. from 
which all measurements to the boresight board are made. 


a 
CONVAIR ЕРТІ-88-519 
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| 
8. (cont'd) 


30 


е. 


f. 


wo ВЕ 


Do 


To further assist in determining the measuring point in (b) above each 
camera shall be marked on the sides, top and bottom with suitable refer- 
ence marks. 


During boresighting an accuracy tolerance of within 1 Mil difference be- 
tween the angle of the leuncher or aircraft and the optical center line 
of the camera shall be acceptable. 


Survey cameras after boresighting to determine and verify physical 
distance and placement with respect to aircraft center line, 


All boresight film that is run shall be accomplished with the camera 
feirings installed to determine optical effect. of glass window on the 
boresighted camera field of view. 


following suggestions are presented for consideration in order to expedite 
camera boresighting. 


Conduct. camera boresighting in conjunction with radar boresighting. A 
number of preparatory functions are similar in both boresight procedures. 


Marking the boresight area to facilitate locating the aircraft in the 
ваше specific spot each time. 


In the body of the boresight procedure reference the applicable camera 
operations handbooks. 


(8) 
N. Kahler/C.J. Lamothe Be Bovers/E. Newnan 

R. Mullis Ro M. Wright (1 - plus HAC & AF Attendees) 
R. Holst, HAFB (6) ЕРТ Files = ЕР Files کے‎ С 
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From: Н, E. Seibert 
Subject: DUFORMAL NOES ОЛ THE 26-27 MAY 1958 MEETING OF PROJECT Н-99 


fhe Н-99 Project wap established during the ARIC meeting in Los Angelon on 
2-3 December 1951: Tee objectives of this project are: 

' Prepare parameters ani criteria, rsquiréd by ths Pederel Communications 

| Commission to continus АТОО action vith the Comission, and to prepare 
industry-wide approved characteristics for RF telemetry links in tha 
1365-1660 Me Bani. 


meeting ezonüa 18 attached hersto өл Attechment A. The morning ecosion on 
26 Мау 1958 was a closed session for пешего only. The chaimnn, Carl Jeffries. 
faked for introductions өлі confucted the election of а secretary. №. E. M. 
dardiner of Bowing vas elected. . 


А discussion ensued resuming the dividing of groups into missile 8ء‎ 
Фра manned aircraft comittess. The consensus was that telonotering charac- 
terietics in these two fields differ so slightly that the division by groups 
was not worrzanted. 


Receivers gaem to be n point of rom A совеска eines bantividths are anticipated 
from 500 kilocyeles to approximately № megacycles. It was agreed that this 
problem would be presented to receivers manufacturers. ‘The problem would be 
better understood by the minufecturer then by the #-99 panel. 


the Chairman asked for opinions on the type of specifications which should bo 
prepared for ths tolenetering equiprant. МП. specifications vs. АЛА specifi- 
cations vs. nons wore considered. It wo deensd aivisehle to omit thin prob- 
lamn for tho present timp. As specifications actually батејоред, their form 
and n msthoà of presontotlon would then to considered. 


The frequency coordination problem concerning industry, militaxy ranges and 
manufacturers ves discussed. There was general agreement that the coordina- 
on problem will do nothing but. become more сошрізж ав more users apply for 
télenetering frequencies. Гузашиюу coordination will be the responsibility ` 
the users. Industry must coordinate with industry end military manges. 
۸ Mr. Jeffries' suggestion, this item was dropped because 1% will be con- 
sidered by the APTRCC at 148 next meeting in Buffalo, Dew York. 


== 
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Informal Notes on the 26-27 May 1958 Meeting of Project W-99 (con't. ) 


` The method of narrow, medium and wide band channel allocation was discussed, 


| 
| 


| 


no clear-cut solution resulted. The inter-range instrumentation group has 
` tentatively defined these channels as: . 


° Barrou band - Gefined as equal to or less than 1 ۰ 
е Medium ‘band - defined as equal to or less than 3 МБ. ~“ 
с. Wide band - defined as equal to or less than 10 М8. 
Volunteers for chairman to head committees for the vriting of telemetry specifi- 


E cations wero as follown: 


Frequency Modulation Specification - L. M. Sheridan - Douglas 

Pulse Amplitude Modulation Specification - John J. Downing - Lockheed 
Pulse Division Modulation Specification - Prank W, Phalan - Martin 
Pulse Code Modulation Specification - C. Е. Jeffries - Douglas 


The meting retired for lunch. 


, After lunch the quastionaire on Parameters and Criteria for Telemetry Trens- 
 mitter-Receiver Syetens in the UHF Pond wes discusasü. The members commenta, 
which were sutmitted ty mail, were reviewed. Many оба сна, deletions алд 
modifications were mdo. Complete notes on this process will be included in 
the meting minutes. 


Мг. Jack McClanahen, chairmen of the inter-renge frequency aontrol group, 
mage а presentation on frequency utilization, parameters end criteria. A 
| technical paper on this subject is available through the Armed Services 
Technical Information Agency at Deyton, Ohio. 


ва meeting adjourned for the бау at 5:45 Р.М. 


re ——— ——— - - MM Y 
| session for the second day giving the inter-renge instrumentation group's 
‘approach to standards. The chairman of the stenfaxrie camittee is Mr. R. 8. 
Reynolds of Sandia Corporation. Fred C. Karabaich, Chairman of the РСМ 
committee, іп writing stan@ards for pulse code modulation telemetry. Mr. Ken 
I. Lichti is chairmen of the tape recording comittee of 75۸6 and is writing 
standards for tape. 


At the conclusion of Mr. Merrian's ren&rig, the secretary, Mr. Gardiner, gave 
а report on the meeting held the previous night. The report 18 on the sub- 

| dect, , Prequaney Tolerance, Radiation Bandwidth ага Information Rate Defini- 

| tions”. This report 16 attached hereto as Attachment B. 
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Informal. Notes on the 26-27 May 1958 Meeting of Project М-99 (con't.) 


Reference to а report issued hy the office of the Chief of Naval Operations, 
Glav Instruction 02410.15 of 21 March 1958 was received with great concern. 
The report is a Classified document. The portion of greatest interest how- 
ever, was a reference to hl frequencies in the 225-260 MC band. ‘These fro- 
quencies form Attachment C of this report. This contemplated change is of 
primary concern to the missile industry where teleustering antennas are part 
of the basis design of the missile. А statenent, also appearing in this 
attachnent, سیت‎ that the 216-225 № band must be abandoned ty 1 January 


1960. 
As 16 wap سو یی اماک تدج کیم‎ SQUE bo MARRE UAM time, 
Че es Se So neeting. 


Tie next meeting will be called ty the مصاع‎ vhén the various committees 
indicate the песа. А dead line for цэнийг чийн 
wis set for 1 Варфишег 1958. "Es 


| HE 2 
. E. Seibert | 
| | Тул Test Group Engineer 


| Distribution: E. T. Burke - 1-513 
E. P. Strong - 6-160 
| V. J. Schack - 6-120 . 
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| CONVAIR 
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| San Diego 
10 June 1958 
| ЕРТТ-88-512 
| Index 4.05 
| 
10: Jo 2. Beckman 
| 
FROM: J. J. Murphy 
SUBJECT: Trip to Boron ~ 750th АСОМ Squadron. 


| Ке: Antenna Test В June 1958. 


I 
^ Visit vas set up to acquaint the Squadron with the broad aspects of the 
contemplated Antenna Test to be performed on A/C JF-106A S/N 56-456. 


ime Comheanding Officer is Major McMillen (presently on leave) who designated 
Capt. Deckler to discuss the test. Capt. Deckler could not see me at that 
time BO Mr. William Truitt who hod been involved in the Antenna Test performed 
en 1798 met with me арӣ agreed to the general plen. 


Generally, the areas where the station would participate were indicated, track» 
ing ang providing personnel to photograph ТЕР Missions. Site location at the 
well. was tentatively suggested because of field phone communication. Flight 
plans to allow scheduling within their duty progrem. A further meeting will 
be required to firm up all details for their cognizance. 

Bob Shields st БАГВ will contact AFFTC Communications to complete Aix Force 
participation in this. test. 


0 5 
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[ ГА Alien stated that CV Instrimentation appears 
"ms Thompson. would contact V. Walker in Sen Diego 6/10 for further Atecussion. 


Ч. б. Walker - EFTE —— В. lee - FIFEE-B | 
В. Kuhns = EFTA ما‎ Ps Molamer = FIWEE-B 


барь 1» Cooper, presently assigned to 47-106 C & D Category II А/С, ves not 
sent due to TDY. Since Major Van Noy was attending а discussion on ۲1۵6 
123 MCC, W. Allen represented AFFIC. in Чеч of his wcertainty on, the 
armament A/C, the discussion was limited to the Phase ТІ end паве Ту portions 
СОР Category IT. 


‚ acceptable for Phase II. 


m Allen stated that Phase IV Instrumentation. would be basically the веша ая. 
‘that on #-106 А & В A/C. Status of Airborne Тора as в recording media was 
‘questioned... Final decision to be réached shortly by AFFIC. . (Teleccn 6/6/58 : > 
' Thompson to Backman atated that Airborne Tepe would not be required for 

Phase IV А/С. 


‘Convair requested status of the АТРТО Instrumentation Specification to be 
mandatory for all Mr 5 Test. иа D. Thompson will furnish Ч. Walker with & 


Convair presented the following milestone. dates for Instrumentation Specifica- 
tion Date fran AFFTC for Category II 44 


Final Info JP-106C 10/1/58 
Panel Info JF-106D 11/1/58 


ЖЕ 
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ATTENDEES © Р.М. MEETING: | 
| 7. 4. Beckman е EPTI D. Thompson = FTPEE-B 
P. E. Dunnill = 0 Ro Lee = FIFES-B 
Wo G, Walker - ЕРТІ L. P. Меййшаг - РІҒЕЕ-В 
R, Kuhns ~ БЕТА Capt. Hale = AFFIC 
S. Juréhenko = EFT? Major Yan Noy = AFFTC 
Wo Allen s FIPEE-B D. Мепсиво + CV = P.O. 


. | Major Ven Noy stated that АРРТС vas unable to discuss the Armament portions 
| Of the Category IX Program, since insufficient information was available at 
his office on the subject progrem. 


Conveir's Agenda was briefly Giscussed but tabled in view of AFFIC'a leck | 
. Ө? info and tent в: outline, Major Van Noy requested that the mecting | 
| be reconvened on 6/18/58 at which time AFFIC voula have more definite policy 
апа test programs esteblished, end answers to the agenda questions presented 
"uy. Convair 


8 | بی‎ following Convair Data van given to Ме Alien: 


А. Instrumntetion Specification 20-28-0020 
В, Four copies = 40" Ish Plight Test Program Proposal Chart. 
С. XEM Teb Run on F-106 Instrumentation Measuransnts. 


Wa $. Walker 
| R. Kuhns/M. Eüeiatcin 
| 8, durchenko/J. Lemgman 
‚ D, Mancuso = Р.О. 
| Ao Ч. Keildgg 
в. Ge i E. Strayer 


Q CONVAIR Q 
A Division of General Dynamics Corporation 
San Diego 


PROBLEM: 

7" Antenna Coupler i 
in, JF»106A Aircraft 

و ا j‏ 


DISCUSSION: 


1. Relocation of Т/М Antenna in MB-1 Rocket Mose by Douglas; 
. Ф/М Antenne redietes thru first eleven inches of nose cone. 


Je 


EFTI-OB-513 
10 June 1958 
Index 4.05 


Jo Beckman 


Mark Matyas 


Minutes of Mecting = № June 1958 
Convair and Douglas Alrereft Co. 


CONVAIR 


cs лэ иш» ge x< .ہے‎ anm 


DOUGLAS 
M. Wright, EFT-P 
Remen, ЕРТІ 

Matyas, EFT 

M. Keeler, Antenna Lab 


‚ E. Dietz, Armament 


E. Leadon, Dynamics 
Н. Wahler, Armement 
Chetelain, Antenna Leb 


Douglas) used vith МВ-1 Rocket Telemetry cannot be installed 


52456 and 56-h60) due to 8.57096 MB-1 Nose Deflector 


Поб required - 
Antenna Coupler 


сеп pick up Т/М transmissions from any position on nose сопе, 


2. Use of “Break Away” = Coaxial connection to МВ-1 nose сопе, 


Му present 


воще problems. Major objections (a) May require rework by Douglas of Missile 


‚ T/M System 
evaluate. 


3. 


Modification of existing antenna coupler. 


(0): Yorking with unknown coupler that may take some time to 


Three proposals: 


| (1) Remove front cover plate, attach coupler directly to nese deflector. 
Coaxial connector mounted on nose deflector and utilizing annular slot 
slot antenna (deta link antenna) for P/N antenna. 


(е) 


‚ (3) 


Remove entire coupler cover. 
mainder of installation identical to (15. 


Attach coupler to nose deflector, Re- 


Lecate coupler to side of МВ-1 Nose - May use two small couplers. 
Remainder of installation identical to (1). 
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DYSCUSSION: (continued) 
Ї 


4, Use of Nose Deflector as base for coupler. Problems of capacitance and 
` grounding. 


5. Use of МВ-1 beffles as bese for coupler. Problems came ав (M). 


RECOMMENDATIONS : 

1.. Dus to the urgent need for s solution to the T/M Coupler problem, it ves felt 
that by working with а known coupler was the most feasible. Therefore, 
proposal (3) was deemed most feasible at this time. It should be stressed 
that this proposal is а "cut and try" method end not en "engineered ۰ 
The time element involved dees not allow for a complete engineering design. 


2. Regerdless of final coupler installation the use of а T/M amplifier vas 


Douglas + Supply CV with the following information: 

1. ' Overload capability of Т/М transmitter. 

2. ۰ Need for "pre-launch" МВ-1 Т/М data. 

3. Availability of Douglas Antenna Coupler for modification. 

(Qa 6-5-58 Mr. Hatch (Пасо) supplied the following information: ( 

1, ЗУМ transmitter can operate into a 5 to 1 VSWR санааг with no demsze. 
2. | Пасо needs А11 МВ-1 informetion for three (3) minutes prior to leunch. 

З | Antenna Coupler at HAFB will he transferred to CV for modification by CV. 


1. Prepare sketches of modification proposals for Пупетісв, Armament and Antenna 
(1808 comments. 


2. Prepare necessary paper and kit parts for modification. 
3. Liaison modification of coupler with ۰ 
CV ANTENNA LAB: 


1. Liaison with EFTI and НАЕВ during "cut and try" evaluation of coupler modification 
proposal. 


© О 
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It; ves recommended that the following procedure be used at HAFB during the 
"aut end try" period. 


Ao 


B. 


C. 


Using the Data Link Antenna, the stenderd T/M Antenna Coupler and a T/M 
MB-l Rocket end with a Field Strength Meter, establish a redietion pattern 
end а reference for the coupler from which to work. 


Conduct the came Field Strength tests with the modified coupler to determine 
which proposal works the best with reference to (A) above. Тһе final coupler 
configuration will require concurrence by СТ Dynemies and Antenna Labs and 
Douglas Aircraft Co. prior to final enginesring by EFTI. 


E. Пеушеп, EFTI and M. Chatelain, Antenne Iab have been assigned to follow thru 


' on the Antenra Coupler Modification, Mark Matyas, ЕКТІ will be over-all 


coordinator. 


: О 1 7757ء‎ NE 
Ма» tyas Tòr 2 
Systems & Control чай Аы EFTI 


КУ imas 


се: 


Addressee 

H. B. Moore/F. Goodrich, HAFB 
R. M. Wright - (2) for Пасо 
D, Kjell/W. Hester, ЁРТ-Р 

S. Е. Sowers (2) HAFB 

Mark Matyas. 

E, Newnan 
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А Division of General Dynamics Corporation 
(San Diego) 


MODEL 8 MANUFACTURING MANUAL 


Section K-14 (Proposed Issue 5) 


Subject: СЕР Instrumentation in Model 8 Flíght Test Aircraft, 


P 


POSE 


To establish the policies aad procedures for controlling the installation and 
accountability of subject articles. 


REFERENCES 


l. 


А. Section Е-8, Model 8 Manufacturing Manual, "Accomplishment and Scheduling 
of Instrumentation for Production Aircraft Applicable te the Testing Program". 


B. Section K-12, Model 8 Manufacturing Manual, “Instrumentation of 7-102 Aircraft 
at San Diego". 


PROCEDURE 


Basic Responsibilitieo: Basic responsibility for identification and control of 
Subject articles while in CV-SD custody and up to tims of acceptance of the хас 
lated aircraft shall be vestod in Enginsering Flight Test Department, (EFT). 

The articles shall be idontified with blue paint (color AN-501) іп accordance with 
Instrumentation Standard Drawing (15 2207) prior to use of the installation. 
Instrumentation work during production phases of the aircraft at San Diego and 
Palmdale shall be accomplished and recorded ín accordance with References A and В. 
Removals and reinstallations shall be made only upon authorization of properiy 


| executed forma (8016, ۲۳550, 0118, etc.) established by other standard practices. 


Quality Control shall be responsible only for preparation of delivery papers which 
are based upon data supplied by БЕТ and/or Test Base Engineers, for normal inspec- 
tion activities in connection with production activities, and for such ether 
activities ав are described below. ALI departmants shall be responsible for main- 
taining proper care and accountability of subject articles throughout the program 
in order that articles not incorporated in delivered aircraft may be returned to 
the Air Force to relieve CV=SD responsibility therefor. 


eptence Thru Palmdale ox Flight Test Base. 


(е) Acceptance Thru Palmdale: 


(1) Upon completion of production and/or instrumentation activities at San 
Diego, subject aircraft will ۵ transferred to Palmdale in aceordance 
with standard practice. BFT shall prepare and deliver to Palmdale, from 
data furnished by Experimental Department, the Inotrumsntation Report 
which lists all GFP Instrumentation in the aircraft at the time it leaves 
San Diego. Subsequent instrumontation work, if any, prior to acceptance 
of the aircraft shall be controlled by ЕРТ. 
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(2) When the aircraft is ready for acceptance, BFT shall check all GFP 
Instrumentation in the aircraft against the ship copy of the Instru- 
mentation Report and adjust the Report as required. An Inspector 
shall witness this review and, from the corrected Inatrumentation 
Final Кереге, Quality Control shall prepare a DD Form 780-1 8۵ 
all the СРР Instrumentation im the aircraft. А copy of this DD Form 
780-1 1186 shell be signed by the Inspector and EFE representative and 
placed in the aircraft. at time of acceptance. 


(3) All GFP Instrumentation not deliverad to tha AF in this manner shall be 
returned to СЕР Stores by EFT АЕ conclusion of tho Flight Test program 
СЕР ahali return 45 to the АР on DD Form 1149. 


(4) Subject БЕТ and Inspection activities at Palmdale shall be scheduled and 
coordinated with production dopartesnts to provide tha least possible 
amount of delay or interference ín production activities while maintain- 
ing committed delivery schedules. 


(b) Acceptance Thru Flight Test Вазе: 


(1) Upon completion of the production and/or instrumentation at San Diego, 
subject aircraft will be transferred tó the Test Base in accordance 
with standard practice. ЕРЕ shall propare and deliver to Quality Control 
€Aircrafet Receiving and Delivory), from data furnished by Experimental 
Department, the Instrumentation Report which lists all GFP instrumentation 
in the aircraft at departure from San Diego, 


(2) When the aireraft is ready for accoptanco, Aircraft Receiving and De- 
Livery section of Quality Control shall provide DD 780-1 covering the 
СЕР instrumentation contained in tho Instrumentation Report. Test Base 
inspection shall revise the DD 780-1, based on information supplied by 
tho teet base instrumentation engineer. 
3. 


Maintenance of tho DD 780-1 During tho Flight Toget gram. 


(а) Tho DD 780-1 shall ba xavised, from information furniohad by Engineering 
and GFP sactfeno at tha Теле Васо, by Tent Васо Inopeetion as кодићкад to 
maintain ар accurate racord of GFP instrumentation for possible transfer of 
the aircraft. 


б, Return of Aircraft to San Diego, 


(а) Upon return of aircraft to San Diago for modification the revised DD 780-1. 
signed by incpectíon and both field and San Diego instrumsntatior өвд поего, 
shall bo forwarded to the Aircraft Receiving and Delivery section of Quality 
Control. қ 
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MODEL 8 MANUFACTURING MANUAL 


(b) Adequate inventory records shall be mainteined by Experimental Factory 
and reviewed for accuracy by Experimantal Inspection, during the modifi- 
cation period in Experimental Factory. 


Aircraft Receiving and Delivery section of Quality Control shall review 
the sustained inventery records aftar the aircraft leaves Experimental 
Factory and prepare from euch records, a ravised DD 780-1 for return of 
the aircraft to the flight test program. 


(c) Two copies of the revised DD 780-1 chall be forwarded by Quality Control 
and/or Inspection to GFP Records Section, Inventory Control Departmant. 


5. Aircraft Transferred from СУ-89 Custody: When any of subject aircraft aro 
transferred from CV-SD custody, Quality Control shall prepara and process an 
Aircraft Delivery Receipt (AP Form 510) in addition te tho ether papero spéci- 
fied above, The AP Form 210 shall reforonca the СЕР Instrumentation Listed on 
the DD Form 780-1 ship copy. 


à 
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Distribution 


D. C. Worden 
Meeting of Flight Test Planning Conference held 5 June 1958 


Aircraft still on work status. Labs have insisted on & more сош- 
plete spin program than Convair proposed. We will follow the Lab 
proposal, but gradually build up to the critical conditions. In- 
strumentation being added to accurately count the number of turns. 


Separate parts are to be made for the spin program for P-106B. 


Next flight 7 June. Engine to be trimmed to Р-17 ratings with the 
trim run date forwarded to Thermo prior to flight. The A/B fuel 
control change (required to give spec thrust with the 4 anā 10 
change) will not be made until after the FIF. 


VanDorn hand carried data to WADC to justify an increase in the 
yew buzz limitations. This raising of the limits is required 
for the Flutter Test Program and the coming flight by General 
Partridge. 


First yaw buzz flight scheduled for 16 June. 


Ramp problems require next flight with fixed ramp. Flight speeds 
limited to 1.5 mach. 


Engine taken from the ramp and sent to Culver City to support 
Hughes program. 


Six to eight flights remaining to complete 60% survey because of 
Dynamics requirement to do the additional altitude. High 'Q'noise 
experienced on recent flights will not delay the progren. 


Technical Groups to make review of the accuracy requirements on 
the data. Present required accruacies may seriously delay the 
progran. . 

Expedited parts support required for the modification. P/O and 
Design Groups to establish a man to follow-up this aircraft. 


Flight date set for 11 June. 


Aircraft now in modification for ECP 4132. The Air Force complained 
about the control system, particularly lateral control. Control 
Steff to check. status of the system on the aircraft before it is 
torn apart. Report by the staff to be forwaxded to Col Lene in 


order to provent adverse Air Force comments. 


Johnson commented that the trim servo as it is now, is no good! 
He concurs on removal of trim servo in its present configuration, 
however, requests further design effort to come up with adequate 
trim servo. 
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ме #2507 - Flight 6 June. This airplane will be used for investigation of 
aircraft flight charecteristics at forward C.G. This task to be 
on an expedited basis. 


ме 48509 - Aircraft to fly to Edwards AFB by 14 June. The stand-by P-9 ہ۱‎ 
engine has been cent to Holloman, therefore, & back up P-1T engine 
must be expedited. 


ме $2510 - 18 being pushed out of Field Overations. P/O to get. Saturday and 
Sunday over time accomplished. 


М/с #232 « МА-1 test bench available et Edwards AFB will be used to support 
this aircraft. 


afe $458/460 - A statement to the Field offices required regarding compressor 

associated with the last falcon fired at high altitude -‏ کت 
low "Q". Statement will be cleared thru P & W prior to sending.‏ 

Р & W will be ет to use aircraft 7461 to further investi- 

| gate the problem. | 


Thermo to prepare TWX for Holloman AFB pilots regarding high altitude -. 
low compressor problems, along with reccomended ананы 


Captive missile loads still going оп. ` 


Final configuration for МВ-1 launching (2" spacer) will be checked 
out with inert firing, followed by hot firing. Any further im- 
provements in ejection configuration must obtain approval of all 
responsible groups prior to establishing. 


Lanyard - Douglas is not moving out, but instead are waiting on 
ECP's. W. W. Fox to call Douglas to expedite. 


| Slow armament, extension in flight. Ground stand check of the problem 
to be expedited. In the meantime, Flight Test to get missile loadings 
fron Hughes. Pending the above revised missile loads, assumed loais 
will be used for the ground stand operation. 


l; Engine vibration in flight seems to be becoming a serious problem. Design 
| Groups to push for а concentrated study thru the Air Force and P 6 Wo 


24 Paint job for aircraft #459 and #467 + instead of red lacquer, Flight Test re- 
quested use of DaClo with a clear lecquer over it. Aerodynamics to investigate 


, 808, advise the P/O uu 
34 Limits on Рр instrumentation for Fhase IV aircreft to be established, Flight 


| Test to co-ordinate. 


3 Need Design Group direction —" drag chute configuration for adequate 
deployment. 
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Holloman AFB support problems to be summarized by Flight Test end pre- 
sented at the next Air Force management meeting. Specifically this to 
include an alternate proposal for providing en engine run stand. Flight 
Test co-ordination of this problem to include altemete sources for pro- 
curement. Suggest contact with Plant Engineering. 


Convair to make request to the Air Force for accomplishing air start 
testing. Request to be made at the coming Flight Test Planning meeting. 


SH ~ - Plight Goat Penning M watinga‏ تا 


Contracta 
(Баай Files (2) 
Peut 8 в/о (3 


Бамахаз - Johnson, Allwexdt, Miller 
Holloman = e Terry, Patker, Moore 


Design Section: White (4) 
| Ferrara 
Г Wainwright 
Flight Test: Ness (ү 
| 3) 
Schack (3| 
| Edolatoin (3) 


Model 8 P/O Ойл 


| 


Shannen 
Ao В. съ/6-104 
So Go В 9703 
° Ho Borns f -105 
: Dublin«6-106 


Jo Шо MePheeters/31-00 
Мо Wheeler/6-123 


10: Ме Harper 


"Bo bee emi discuss strain gauge о system being purchase 


ы CONVAIR Q 


A Division of General Dynamics Corporation 
(San Diego) 


5 June 1958 
EPFT-DG-8-16e 


ЛЕВ INC. ON 29 MAY 1958 


| for 452, 
Personnel, Contasted 36 


Ms o 8. Hernandez = ۰ Application Engineer | 
гай ‹ Graat.- Head Electronica Section 


Convair әле), discussed the charactexiotics end operating Заки of the Stathan 
САЗ. strain gauge bridge amplifier зувбэш with Mr. Hermanfes ond Mr. Есті Grant. ‘the 
веб, éireultry 18 still considered | Company confidential. во it ves not possible Xo 
вее ‘this: баба» 

| n 
Statham. hes’ & special four conductor cable for use with this amplifier, although peed 
stated thet two twisted Shielded pairs should work astisfactorily., ‘They ! | 
бо yir БАРВ people · with | gh cable for lontallation 18 452. "he cable RTE €: 


the amplifier. Six CA3 amplifiers aré to be delivered to Convair 


at wards hy 6 Sune (Pr (Friday) ami Ну that. time the special cable should ће installed, 
The basis operation of the Statham system із as follows: 


2. me Ф Q 5 June 1958 
саран ЕРЗ-08-8-162 
Pege 2 
витезу: (con't) 


A square wave oscillator operating at approximately 10 KC supplies 1-1/2 volts to 
the bridge. The output of the bridge isemplificd and fed to a demodulator still 
in the Tom of в aquere wave. ‘he output of the demdnlater із paesed through en 
M-derived lou pass filter thet io Plat to 2900 срв. The bridge is isolated by 
mer input and. output imd the орех DO output ig also floating with 
respect to ground. 


| 
A dynamic calibration of the aystem vas suggested to be accomplished as follows: 
ú | 
| 


ты circuit was given by Steatham ав & method of euplitudé modulating the square 
at an 0. rate. Те bridge would be unbalanced Ну в calibrating resistence 
автов ons of the ama so that en output would be obtained. The DO calibration | 
coula be obtained with the calibrating resistor in the normal manner. 


Capdoitavs balance is inserted either at the bridge or amplifier end of the connecting. 
cable. ne balance 14 adjusted Sor best square wave. out of the bridge, or vith bridge 
4 statically, Хот minimum Spike emplitade oùt of the bridüae.. 


The дда ер comes equipped with a zero balance pot anû sensitivity pot. The zero 
balance eircultry 18 ез follows: 


EFR-DS-8-162 
Page 3 


Tentative Specifications: 


Carrier Freq. = 10 ©. | ۲ 
Cartier Amp. - 1۰1/2 volt square wave i 

Amp, Sensitivity - 5V output for 2-3 mv out of gauge 

Freq. Response - 0-2 KC | 

Temp. Range - -65? P to + 165° Р 

Shock and Vibration - 20g (designed objective to meet MIL E 5072A) 

Zero and Бащи ied Controls 

Isolated Outpu 

Power Йе ыза. یی‎ DG + 5% 


x i‏ "3-1/2 "ا 
Weight = 14.5 cunces‏ 


KAM: ше 
Dist:ibxtion: У. Schack 
Н. А. 70 
Я. Dioletein 
В. Merahalt 
А, Green 
| P. Caxpenter 
| Н. Seibert 
R. Michelacn 
| Jo Aiken 
| 777-065” File 
EFT File 
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D. С. Worden 

Meeting of Flight Test Planning Conference held 29 May 1958 
Technical Groups to present status to the Air Force on Tuesday. Will 
cover doth the remaining spin program and post stall gyrations. The 
program is being re-aligned to only meet the specification require- 
ments and must be cleared thru the WSPO prior to lay-up for the ex- 
ternal tank program. 

The External Tank Program vill remain on atrereft 2451. 

June 5th flight for aft c.g. flutter. 

Ramp load instrumentation check to be made on 8 June. 


P/O to follow-up on waiver to do aft c.g. flutter above 1.7 mach 
number. 


KELLOGG 


Yaw buzz limitations are being reviewed by Dynamics in order to raise 
the limitations and shorten the program. 


Next flight June 5th - RAT and turn co-ordinator. 


Two flights required to complete 60% survey. However, Dynamics 
requests some additional pointa. 


Flight Test to co-ordinate. 

Data reduction to be expedite. 

Now in Stability Derivatives Program. С.б. control system is working. 
Need isometric fuel system drawings in order to sell-off the sirplane. 
Flight date out of Field Operations now set for 15 July. 

P & E to co-ordinate for revised schedule. 

NOWRY 

RAT performance with armament gear extended is not acceptable. 


Design Group and Flight Test to work out an interim kit to install 
in #458 and 460 on an "ав required’ basis. 


The revised baffle is considered acceptable. There was some ysw 
and some pitch, however. The gun is being changed to give edditional 


Flight set for Tuesday to evaluate. 


| | 
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мс 60 - Decision from Hughes regarding strength of GAR fins has not been 
received. Due to unavailability of a baffle, the lack of a 
| decision did not effect the program. However, expedited coverage 
on the part of Hughes is required to suppof# the Holloman progrem. 


Flight Test to bring up at the Hughes - Convair management meeting. 


| 
| 
If the Design Group vants captive missile loads from Hughes, they 
és should request. from Flight Test. 


The baffle is to be released in Production for ell P-106A aircraft. 
Also, build baffle kits to support #2511, {46 ena ۰ 


SIDON E: Groups to check for required baffle configuration for 
Pel "в, 


| Technical Groups requested slow down data with doors open. Flight 
Test to investigate obtaining date on a by-product basis. 


| Thermo to expedite evaluation of missile temperature data in order 
| to lift linitations. 


міс Bo - Flight date 11 to 13 June for stability and control. 
۸ 2464/465 = Any mechanical work at Culver City by Convair will be ас 
lished on a non-interference basis in order to give priority to 
МА-1 problems. Two shift operations required on the part of Hughes 
to support the program. Two shift operation will also be required 
at Holloman. 
Flight Test to co-ordinete with Hughes thru the Management Meeting. 


A/C #467 - Design Group to clarify the fuel system check that ів to be made 
| prior to mod. | 


| Aircraft to be worked on an expedited basis in Experimental. 
Phese II to be planned for on this aircreft. 
| P/O to get the aircraft bailed in order to expedite the modification. 


-..- 


; KELLOGG 
A/c #2507 - Flight scheduled for 3 June. 


HODIE Aircraft scheduled out of Experimental on 3 June. Scheduled to fly 
to Edwards APB on 13 June. 


۸ #2510 - P/O to expedite out of Field Operations. It ip believed that the pish 
on 42509 will effect the #2510 schedule. 


GENERAL: 


1, RAT - Both а new regulator with inereased flow and an increased size RAT 
| вте being investigated. 


2, Design Group personnel to go to Edwards AFB to resolve the brake bleeding 
and new MPS protedures> 


+ 
І 
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$ | 3. P&W is evaluating an improved fuel control which should be available at 
| Convair by the end of June. Design Group to follow-up to insure support 
| for aircraft #459, #467 ава #2509. ۳ 


Design and Technical Groups to evaluate effect, 42 eny, of the increased 
air flow (2%). 


Flight Test to co-ordinate required improvement items for all test aircraft 
to support the program. This should cover jusitifeation to the Air Force 
to obtain approval for ор trim to Р-17 engine. Іп particular, aircreft | 
#455"в poor performance is to be investigated by the Technical Groups. 


| 
| 
| № 
| 
| 


Procurement. of kits by the Air Рогсе to modify engines from P-9's to P-17's 
is held up pending the above justificetion. 


approximately $1,900.00 per week. 
Flight Test to follow-up thru Contracts. 


б. TII kits to support requirements of the Test Program is stili not coming 
thru, as required. In particular, it wes brought out that fuel system 
parts are not available to support #452. Weakness could be lack of action 

on the part of Plant II to build the kits. Also, failure of Harper's 


Section to act on P/O Memo outlining tasks to be accomplished by mod in 
Experimental. 


| 

i 

| 

5 Use 18 to be made of Edwards AFB data reduction system. Cost will be 
| 

| 

| 

۱ 

[ 

| 


Flight Test to co-ordinate. 
T. Problem exists on test aircraft of not being able to have both dual duct 


| sensing with a shuttle valve and also duct mach number indication. This 
| 


problem will exist until late August pending availability of new procure- 
ment. 


Flight Test to decide which of the three following routes should ‘be followed: 


& Shuttle valve installed, т no duet indication. This is the route 
| now programmed. 
| 


be Duct mach indication, no shuttle valve installed. 


| e. Shuttle valve and duct mach indication available, Aircraft modified 
| to install an additional probe. 


8. Decision has been mede to make the extension of the rotating beacon as a 

! manuel system. Technical Groups to resolve any required additional flight 

| teste. 

| 

9. P/O to follow thru on lifting the yay buzz limit for General Partridge's flight. 


1 
20, ер. уш кен tint - Body Group to write letter to the Air Force describing 
| the problem 
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Proposed schedule for Project Trumpet on #1794 may be affected by the proposed 
movie on seat ejection. 


-- 


KELLOGG to co-ordinate. 


Palmdale flight check-out procedures are not current regarding the 
differences between aircraft. Because of this, flight check-out procedures 
aye not complete. Production Flight must be brought into closer contact 
with the program for changes, especially in the test airereft, wherein each 
aircraft is somewhat diffexent. P/O to co-ordinate thru Production Flight. 


2 aM. — 


D. С, Worden 
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Contracts 
Engr. Files (2) 
Model 8 ۶/۱ (3) 


Edveris - Johnson, Allwezdt, Miller 
Holloman - Terry, Резког, Moore 


Design Section: White (8) 
Lemke 


Ferrera 
Wainwright 
| Plight Test: Prophett (3) 
۶8 э) 
Strayer ; 
Schack (3 
Edelstein (3) 
‚ Model 8 0 Otten 

Worden 
Kellogg 
Barron 
Osberg 
Мойт 
Wright 
Daniel 

Ч. Wo Гох 

J. Fame 

C. Fo MeCabo 

E, D. Shannon 

A. № 6-104 

бо Go 6-103 

D. Ho Bennott/6-105 

М. Dublin-6-106 


Jo No MeEneotere/ 31-00 


Jo Wheeler/6-123 · 
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i Index No. 0.8402 
i 1 
To: Distribution 
Prom: R. G. MeGeary + Pligit Test Group Engineer 


Subject: Meeting Notes from 28 May 1958 Meetings with НАС Relative to the 


GAR-3 and -4 Thermally Instrumented Missiles and the МА-1. Support 
Equipment for Department 303 


An informal meeting was held with HAC representatives concerning the effect on 
HAC by the Air Force decision to instrument only a САК-3 missile for thermal 
compatibility flight tests. It was stated by the HAC representative that since 
only about 60 GAR-h's would be made and that the majority, if not all, would be 
fired under HAC control, there was no need for a GAR-h thermally instrumented 
nissile to be flown during 232's flight test program. HAC requested and 
Convair agreed that two additional skin temperatures would be taken on the 
GAR-3 missile. These will be marked as spares on the wiring. HAC also in- 
dicated that the GAR-3A and 4A design would be off the board late this year 

and a flight test program would be required to check the thermal characteristics 
of these new missiles. The extent of these tests would depend greatly on 232 
test results. This item should be followed up as a possible test for the 
F-106C and D progrem. 


A second meeting was held with HAC МА-1 support equipment representatives, 
Model 8 Project Office (R. Lowry), Dept. 303 (J. Newnham) and Conveir-San Diego 
Flight Test to discuss the problems created by the late delivery of the MA-1 
bench check out equipment for Dept. 303 which is scheduled for late December, 
1958. This is approximately four (4) months too late to support 232. Various 


, methods of initisl system trouble shooting were discussed and it was concluded 


that by use of the МА-1 system self-test features the problem area could be 


| located. Spare units, if available, could be used to replace the suspected 
defective ones, but the problem now becomes one of how to repair the defective 


unit or units. With a set of extender cables the aircraft can be used as a 


| test bed. This is unsatisfactory for the points of the increased ground tine 


and the inconvenience of working on the aircraft its self. 


At present there is a "factory system tie-in test" rig designed that can be 
used to check out individual units. HAC stated that with immediate go-shead 
and at a cost of $83,000 they could provide a system tie-in test rig in time 
to support 232. At present there is at Convair-Palmdele two SIR rigs modified 
for production systems and two production rigs. In addition Conveir-Palmiale 
i8 scheduled to receive the complete bench check out units according to the. 


following schedule; August < one, September - two, October - three, and November - 


one. One of the "factory system tie-in test" rigs for production МА-1 systems 


| is also at AFFIC in June. Іп ell cases "factory system tie-in test" rigs аге 
not provisioned with the МА-1 units. There exists а possibility that even 


with a tie-in rig and the 125% allocated spares there would not be sufficient 
spares to provision a full МА-1 bench system and support the aircrafts too. 
HAC is to supply information to Convair on the number of unit spares and de- 
livery dates for each. š 
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To: Distribution 


Subj ect: Meeting Notes from 28 May 1958 Meetings with HAC Relative to the 
GAR-3 and -№ Thermally Instrumented Missiles and the MA-1 Support 
Equipment for Department 303 


Mr. Newnham stated that the Air Force is interested in "looking over our 

i shoulder” to aid them in maintaining their MA-1 system in aircraft S/N 57-234. 

‚ It was then suggested that a meeting be scheduled at БАЕВ between AFFTC, Dept. 

| 303, Engineering Flight Test, Model 8 Project Office, and the HAC representative 
| at AFFTC to set up а mutual assistance arrangement for unit spares, test equip- 

۱ ment, and dissemination of maintenance information. 
| 


Mr. Newnham is to check with SAAMA on the delivery of the standard and commercial 


| test equipment required. The equipment bas a 1 June delivery date 5 and has as 
| yet not arrived at Dept. 303. 
| 
1 


General Discussions brought to. light certain other related ee Which will 
require further investigation. They are: 


а) EAC/CV contracturál requirements in relation.to. units that сапа ђе 
°` " repaired in the field and must be returned to the HAC maintenance 
E depot. 


b) MA-1/Aircraft modernization requirements following repaire i 
modernization at the maintenance depot. 
modernization of ths system in advance of the T.O. 


„АД. problems related to 232 are also applicable to 2510 but due о the schedule 


| 

| c) Methods of procuring parts, authority, and planning paper, to perforn 
| 

| 2510 are not considered critical except in the unit spares area. 

| 
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Do Co Worden | RECEIVES 


С) 219 жау 19 z£ 


Meeting of Flight Test Planning Conference held 16 May 1958 MAY wie 


Meeting day hes been changed to Thursday - effective 22 Мау 1958 65% 
l pom. 


Next flight Monday. Will fly tho post stell gyration - stick forward. 
Still under discussion are some additional flights for accelerated 
stalls. lay-up scheduled for 23 May. Ко consideration is to be made 
for inverted spins. 


Boundary layer beef-up is causing delay in flight date. No first 
flight date available nt this time. Actuator load measurement 

picture is confused. Must be resolved by Technical Groups in that 
it will affect the analysis of the yeu buzz data. 


During the yew buzz program, there will be periods of data analysis 
which coud last for several days before proceeding to the next point. 
Flight Test should investigate eny additional flight tasks which could 
be accomplished during these periods. 


The RAT data was obtained, but it locks as though the flights mist be 
repeated due to a malfunctioning regulator, Turn co-ordinator instru- 
mentation is being activated. 


Таба flights are now under way. Vertical toil instrumentation mst 
be repaired, 


Aircraft still in modification for elevon calibration. Work should 
be euthorized for Sunday. 


Btill in modification. Scheduled for 1 July flight date. Problem 
exists in installing ECP HU in а Case XIV wing. First and Second 
shift engineering laison required to solve the problems. 


Тао week lay-up to activate instrumentation prior to control system 
testing. 


Air Force couments requested regarding canopy tint. Flight Test to 
follow-up. Design Group to keep pressure on the vendors to improve 
the tint. 


Instrumentation damage at Palmiale during МА-1 installation. Flight 
Test to investigate. 


Has fired unballasted GAR rounds. No cross over tendency. Ignitor 
being obtained directly from Phoenix to support. | 


То fly captive missile loads on Monday. Data xeduction to be expedited 
on missile temperatures. Request that additional inert rounds re- 
quiremante be surveyed in light of present problems and coming change 
to а lanyard. Holloman to work through their local Air Force to obtain 
statement as to date. Holloman AFB to support chase requirements. 


FILE CODY — 
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f | Engineering run stend still required at Holloman and no active pro- 
eren under way to obtain. Project Office to pick up co-ordination 


| Project Office to initiate coverage to put ECP 4132 on this aircraft 

| end try to got earliest schedule thru either Experimental ог Product- 

! ion F o 

| Design Group to look into AAD aircraft without ECP ІМ) installed 
anû the related effect upon the Hughes air data computer. Hughes 


vill have the task of programing computers for parameters vith 
and without fuel transfer. 


ме #2507 - First flight 26 Mey. Three days scheduled for fly out. Plans are 
to retain the aircraft at Edvards АРВ, but to be available to go 
| on tour on an over night basis. 


ux ee р ص575 ص۶۶‎ ۵+ 
Also, the other mandatory changes involved in fast es in 
particular, the addition of the glare shield. his change should 
also be covered in the Р-10бА, 


The OMNI provisions are to be installed to insure over night avail- 
ability for the tour. Will not make 4 & 10 changes to the engine. 
Tail cone is to be reworked. 


{ 
{ 
| 
| 
А/С 2509 - Completion in Experimental 30 May, Project Office to expedite 
| schedules - field operations, | 

| 

| 

| 

| 


Project Office to co-ordinate with Experimental to shorten the roe- 
maining task, 1f possible. 


Meeting to be held on Monday to settle final schedule details» То 
involve Production, Field Operations, Engineering and Experimental 
personnel. 


| Yew damper to be put on primary system on A/C #2507 and #2509. 
A/C $2511 - То be modified for БОР 1132. 
| 


1. TI route mat be sevieved. in support of atrcreft nodifiontion dates. This 
is of particular importance текей سد‎ coming سیت‎ Рог жаны 


improvement of Д/С 460 ana #2511, 

А weekly meeting is required regarding parte support for A/C 0359, $467, 4239 
ал 4 Flight Test, Experimental, Manufacturing Control and Project Office 
to be present. Request status of parts on these airoroft prior to each weekly 
meeting. Jo Barron. 


"8. АС power failure will result in loss of both yaw damper anû veri remp. Design 
ی‎ tometer 


3» Dynamics to review the уви buzz limitations. Especially yaw damper off mach 
limitation of 1.5. 
| 
| 
| 


л 
Ж, 


ç 


[renews 6 19 Мау 1958 


| Regarding the rotating beacon, Design Groups to nove out immediately to 
install manual system without air date computer Ме in. Project Office 
| to expedite paper work to cover. 


5. Failure analysis required regarding vibration causing failure of the 
| a есе ый йы дынан Design Groups to 


6»! Brake tubing reroute vith relation to master cylinder. High point on the 
| present line and cannot bleed the system, Design Group to investigate. 


Те | for Mondey at 1 реш. regarding aircraft performance during recent 
tour (2468 and :و‎ 


8. Гебез пе schedule for уау demper change to primary system, 


9.: Increased boundary layer bleed duct is being incorporated into production 
eee Same change to be installed ty development in aireraft 


10, Determine whether Hughes will шаке interim change to the computer regarding 
| information, or will they wait for final information. Design 


| Group to investigate. 


11. There has been в change in thinking regarding the cockpit temperature control 
к кю ше оше шш ee ee رت ریت‎ 
' This will also mean а revised direction regarding the production task. Also, 
| need clarification of the handbook lenguoge regarding use of the temperature 
| control. 


| مت‎ 
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Ds C. Worden 
Meeting of Flight Test Planning Conference held 9 May 1958 


Present program scheduled for completion by 15 May. Plans will 
proceed without consideration of the inverted spin program until 
advised to the contrary by the Air Force. 


Structures to continue with investigation of the spin chute in- 
stallation for inverted spin testing. 


The engine question still exists for inverted spin testing and 
the Air Force has been asked to resolve inspection requirements 
17 they are any different from existing requirements. 


Flight Test to document photo chase requirements in support of 
present proposal to use (351 at Holloman: This subject to be 
discussed at the 0 Flignt Test Planning meeting on 21 ۰ 


Bleed valve being reactivated. 
Air speed sense for afterburner relight is being installed. 
Bleed valve orifice being installed. 


Engine with با‎ & 10 parts is out of vibration limits and is 
being replaced. Present engine should be put back in original 
status for vibration run to see if the 4 & 10 modification 
affects vibration. 


Also, during the ley-up, the machine ramp housing is to be in- 


stalled end the boundary layer bleed duct beefed-up. 

Flight Test to set aircraft. schedule. 

Parte delivery date out of Experimental required. 

Phase II delayed until August. 

Flew on 7 May. Evidentally lubrication has solved the instru- 


mentation problem. Looks favorable for obtaining absolute 


pressure data. 
Constant С С system looks good in the ground calibration. 


Scheduled to fly to Edwards оп 16 May. 


Edwards to support Department 31 in the instrumentation task. 
Design Group to follow-up ECP 4144 installation. 
First flight to Edwerds will be the first test flight. Project 


Office to ейуіве Production people to insure that the date flight 
requirement із placed ahead of the schedule delivery date re- 


‘quirement. (Barron) 
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A/C #458 - 360: WSPO has authorized two hours on each aircraft engine at 


Р-11 limits. Also, have authorized flights above yaw bu£z mach 
Limits. 


Rigging loads still not resolved. 

Production baffles will go to Holloman on Monday. 

Two ballasted missile flights have been made. 

#458 aircraft will do pit drops on Saturday to optimize ejection 


gun. Next inert drop will determine lanyard forces. Test to be 
made with GAR's in the bay with doors open, and at high Q. 


R & D Group to re-evaluate bay flow affecting missile fin вай 
МВ-1 ejection. More inert rounds will be required if next fix 
does not work. Lanyard testing will also require edditional' 
rounds. This requirement mist be firmed up and additional rounds 
requested. (Streed) 


If the imbillical plug is not being incorporated on МВ-118 іп 
production, aircraft. incorporation of change should be re-examined « 


Holloman running short of initiators to support progran. 
PARD test to start Monday. 


A/C (832 - Test bench support (MA-1) is getting serious to support schedule. 


Required one month prior to aircraft delivery. Project Office to 
follow-up. In this connection, SAAMA has advised Edwards that 
Hughes has no contractural coverage to support production benches, 


(Lowry) 


А/С #2507 ~ Lay-up delayed by parts deliveries. Но promised date on parts 


affecting sghedule. Aircraft to be flown for five hours by 
AFF for qualitative evaluation. 


Ме #2509 - Scheduled out of Experimental on 30 May. 


Flight to Edwards on 10 June. 
Aircraft to be painted in Experimental. 


Schedule dates above do not include redio fix which should be 
accomplished in Experimental. 


۶-17 engine thrust is c : out low. To correct, the temperature 
limits are being raised to 635° in afterburner and 630° in military. 
GENERAL: | 
Le Need procedure for ramp inspection of rigging, etc. 


MPS's mist be revised. 


Design Group and Technical Groups to co-ordinate. 


| 

| 
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г. Flight Test to get current story of limitations as per the latest Flight 
Test assignments. This item to be discussed at the next meeting. 

3- Deta still required regarding the F-106C/D bleed duct change. 


h. The present system for reporting parts support out of San Diego for Edwards 
is not working satisfactorily. 


Flight Test to work vithin the present system to improve. Lack of promise 
dates seriously affecting ability to schedule aircraft programs. 


5. 3462 - #467 should be limited to hg due to ballast installations, Flight 
| Test to адудве creus on tour. 


6. Project Office to obtain authority for P & W to ship 4 & 10 parts to support 
aircraft $2509. 


То Flight Test to review performance improvements items scheduled against 
aircraft and advise Project Office by of any additional requests. 


8. It was requested that meeting be held Thursday, instead of Friday. 
Comments to be requested at next meeting. 


۸ . Келл ал 
pe C. Worden | 
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Engr. Files 
Model 8 0 
Edwards - Johnson, Allwerdt, Miller 


Holloman - Terry, Parker, Moore 
Design Section: White (4) We Wa Fox 
Тешке Л. Farme 
| Farrara А. N. Hatch/6-104 
۱ Wainwright Б. G. Haas/6-103 
Flight Test: Prophett (3) D, Ho Bennett/6-105 
Putness 3 M. Dublin/6-106 
Strayer (3 Е. D. Shannon/6-101A 
Schack (3 C. F. MeCabe 
Edelstein (3) J. No MePheeters/31-00 
Model 8 P/O Ottem 
Worden 
Daniel 
Kellogg 
Barron 
Osberg 
Mohr 
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Ne Fram; А. We Kellogg 


Subject: Meeting of Flight Test Planning Conference held 11 April 1958 


Attendees: D. C. Worden G. Е. Putness 
Re Le Johnson D. H. Bennett (Aero) 
Vo Le ۵۹ 0۰ V. Harper 

) H. K. Cheney E. D. Shannon  .— 
Re Р, White C. А. Mohr 


| At РИЯ meeting the following items were discussed and action is to 
be taken as indicated below: f 


A/C 4351: 


| 

A, М. Kellogg We We Fox 

(а) Aerodynamics.is to collect existing deta on spins conducted to-date 
end present immediately to WADC in an effort to change the primary 
objective of #451 Program = spin recovery to investigation of 
the post stall gyrations. p 


(v) Flight Test vill proceed with investigation of post stall gyrations. 


| OST” SPALL 
(c) Enough additional spin-recovesy, flights are to be made to permit removal 


of strakes at the earliest possible time. 


т #452: 


| ^ Meeting will be called by the Project Office to resolve » re-programming 
| | М ü the flight test programs on aircraft 452, 453 and 162.. 


(b) Design Groups will continue the design of a re-routed bleed. duct. Parts 
are to be fabricated for use on the Power Plant Test Stand. 


(c) The design work on the plug currently being designed for ‘incorporation 
in the re-routed bleed duct is to be stopped. 


A/c #453: Flight Test vill continue to improve the aircraft to provide a 
| satisfactory vehicle for Air Force, Phase II flight testing. This 
will require optimizing the inlets (ramp schedule) and the tail 
cone. 


A/C #455: Aero will investigate to see what changes will have to be made to 
obtain sufficient speed improvements to permit the aircraft to 
reach speeds necessary to camplete the program. 


A/C #456: Project Office will vork with Experimental in an effort to improve 
| the current mod schedule on the aircraft. 


current program in time to meet an April 21 date for modification 


/C #459: Flight Test will шимэн the possibility of completing the 
in San Diego. 


— 


= pi m ۳ 
چس‎ PROJETE Оор ММО ВЛ Үе 


+ 15 дот. 1258 


Ын 17 22 =, 
p ғ O 0 


z رھ‎ “ме {462 : 7 will keep this aircraft until September to conduct control 


system testing. Center stick evaluation must be completed prior 


to depar to Eglin (currently planned for approximately 20 
April}. 
` A/C #2507: 
(a) Design Group and Test Base action will be required to solve radio 


noise problems. 


Currently planned program will continue until 25 April, at which time, 
the aircraft will be laid up to activate the rear seat, improve canopy 
operation and to install all. possible speed improvement items (consistent 
with aveilability). 


Flight Test and Aircraft Change Service is to make up a list of changes 
required for an sircraft's mod period and schedule mod kits in a manner 
compatible with the md periods, 


The Technical Groups, Flight Test and Project Office will establish a 2 2 
flight test program to investigate Бауш وش‎ дөт 55 ۳ 

: 2 је: МР, LE 2 
Improved С & N equipment is desired for the planned cross-country 5 THE АДА 


trips. Flight Test will check on existing fly-avey kits for suitability. 


Flight Test and Service Departments will co-ordinate to assure adequate 
ground support equipment at planned stops on the forth coming cross- 
country stops. (162, 467, 2507). 25°? 


Project Office will call a meeting to establish a study relative to anti- 
skid brakes. 


Flight Test will check to see if an emergency hydraulic system is needed 
to provide safe operation with launcher extended. (Such a system may be 
required on the annament test airplanes where the possibility of lending 
operations with launcher extended is highly probable). 


Design Group action to explain the current rash of secondary hydraulic 
pump failures must be takene 


Design Group Section (Controls Systems Staff) is to make a recommendation 
on the primary hydraulic system. Design Group and Flight Test "will со- 
ordinate the proposal prior to presentation to the Air Force. 
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CONVATIR 
‘A Division of General Dynamics Corporation 
(San Diego)’ 
ЕРТ-Р/Р-106А/919 
10 April 1958 
Index No. 0.11) 
To: Distribution | 
From: В. С. McGeary - Flight Test Group Engineer 
Subject: Minutes of Meeting on Aircraft Changes held 9 April 1958 


This meeting was held at 1:00 o'clock in Engineering Flight Test and wes the first 
scheduled weekly meeting to discuss Engineering and Parts support for aircraft 
attive in the flight test program. The following personnel were in attendance: 


J. Barron Model 8 P/O R. G. MeGeary Engr. Flt. Test 
А. W. Kellogg Model 8 P/O -4. Ko Chott Engr. Flt. Test 
J. E. Rath Mfg. Control W. P. Easley Engr. Flt. Test 
Ч. Collahan Mfg. Control B. Gibson Prope Fluids 

0. Ч. Harper Customer Service W. R. Hall Mod. Engr. 

I. B. Jenkins Experimental Fac. A. Greeson Мод. Engr- 

B. D. Berling ACS Ja E. Benson Mod. Engr. 

E. E. Hainley АСЗ А. D. Bush Mod. Publ. 


A review of the support for aircraft S/N 56-56 and 56-159 by A.C.8. (Aircraft 
Change Service) during the modification at San Diego indicated that no major problems 
exist. Mr. Hall informed the meeting that one man would be assigned from each of the 
design groups as required to assist in releasing engineering to expedite the task on 
these aircraft. 


Some confusion existed in Manufacturing Control concerning the procedure to be used, 
in providing kits of parts. It was agreed they should immediately start providing 
kits to T.I.I. (Test Installation Instruction) paper. However, production planning 
and parts will still be available to support Flight Test on a demand basis. Pro- 
visioning of ACA kits until T.I.I.'s becoms available will not include expendable 


parts. 


ACA's released with the notation that A.C.S. will provide modification on engineering 
and without.a flight test schedule prevent production from planning the 

manufacturing parts. А.С.Б. 18 to investigate these items and expedite. ТІ, plan- 
ning to 2111 the parts void created by this situation. Manufacturing Control will 
correlate existing ACA parts kits with T.I.I. releases to expedite completion of the 
T.I.1.'8 and prevent duplication of kits. A.C.S. is to provide a schedule showing 
the status of all Т.Т.Т.'в for the next meeting. Some Т.Т.Т.'в are pending Fort 
Worth Engineering release and parts availibility. А.С.Б. and Project Office are 
to investigate means of expediting Fort Worth input. 


Requests were made for more information concerning kit need dates. Project Office 

+111 assure more adequate distribution of task memos and in the case of modification 

to outside agency aircraft at San Diego will follow the procedure established for 
Flight Test aircraft, i.e., determine the task one month prior to start of modification. 


i 
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San Diego 10 April 19 
цар Page 2 
To: Distribution 


Subject: Mimtes of Meeting on Aircraft Changes hold 9 April 1958 
| | 


Mr. 0. W. Harper or his designee will chairman the next meeting scheduled for 
1:00 o'clock, 16 April. Conferees will be notified as to the location. 


В. С. #7 7 | 


| Flight Test Group Engineer 


RGM: rw 


се: Attendees 
G. Putness 


H. Cheney 

V. Otten/D. Worden 

2. No MePheeters/W. Keough 
V. L. Aliwardt/J. Zathan 
M. C. Terry/J. Boaz 
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R. б. MeGeary, Flight теб Group Engineer 


G. G. Witt 


F-106A Flight Simulator Specification Meeting Minutes 


1. 


1 


زی 


Ол 3 anê با‎ April, а meting was held at Convair, San Diego, to review a 
proposed сору of F-106A Flight Similator Specification for Sinulators 
lumber 8 and on. Та attendance at this meting were the following: 


Mesers. Б.Н. Carter НО АМ 
R. High НАТО; WCIEQ-1 
R. J. Thies Convair 
J. E. Trexel Convair 
G. G. Witt Convair 


The purpose of this meting was to reach agreement on the technical sections 
of the specification ani. to assign а report muber and date. The report 
numbor will be Convair ZD-8-621 dated 15 April 1958. Paragraph four of these 
minutes lists the changes from the proposal which were agreed upon and which 
Convair vill incorporete while preparing the formal specification. 20-8-621 
does not replace the epecification ZD-8-600 dated 15 July 1957. 


Mr. Carter requested that Convair advance to Link Aviation, Inc., Binghamton, 
Kew York, а сору of the agreed changes to the specification as soon as possible. 
He also requested that Convair complete ZD-8-621 in its final form, for sub- 
mittel, within three weeks. 


The following sub-paregraphs reflect the changes agreed to during subject 
meeting. The changes shown will be incorporated into the noted paragraph 
mimbers of specification 20-8-621, Paragraph nurbere of ZD-8-621 vill be 
tho same as those of the preliminary specifiostion unless it is unresconsble 
to do so. 


In paregraph 3.1.2, change "right" to loft. 
In paragraph 3.2.1.2, change second sentence to reall, "tho details 
of the task analysis along with the timo dimension shell be sufficient 
to describe the discrimination, ... ефе". 
4! Prom paragraph 3.3.1, remove the word ۰ 


3 To paragraph 2.2, edd 54-160, Visual Presentation of Information 
2) 
23 


5) Prom paragraph 3.3.2, remove the word "full". Also remove sub-paragraphs 
d, e, f, and g. 

(6) Та paragraph 3.5.2.3, change "repeated" to repeater and remove the sors 
"vertical type". 


Í Т) In paregraph 3.6.1., change "Damper" to Stability Augmentation. 

8) In paragraph 3.6 page 14, 13th line, "reading" should be readings. Also 
the last two sentences should read: The inertia and cross-coupling terms 
shall be included - I x >, roll velocity times the pitch velocity, roll 
velocity times the yew velocity, ete. Аъ indicated airspeeds below minai- 
mum flying speed (approximately 110), the lateral ctatie stebility shall 


gvaduslly decrease to а point .... etc. 


Q © 


Re б. Мебсаху, Flight Test Group Euaginser mise: 8 Аре 8 
| -Fage Ze 
0 
| ` 
' 1 | У 
(9) In paragreph 3.7.1, the second sentence should read: Deflections of 


(13) 


(15) 


(15) 


Q6) 
(27) 


(18) 


(19) 


апу of the control surfaces corresponding to 4187720608 689 of the above 
mentioned cockpit controls shall .... OC. 


In re ake 3.8.1.1.b., change "balanced" to stabilized. Same chang 
in 3. 1.1.е. 1 n 


In paragraph 3.8.2.2, change "258" to 158. 


T permgrngh 3.8.2.3, the last two sentences should be changed to read: 
After-burning can be stopped anywhere between (5) and (6) by position- 
‘the throttle handle inboard only if it has been retarded 2.5° from 

(5). Та the event of elect#ical power failure, after-burning can bo 

stopped by positioning the throttle inboard, as mentioned above, and re- 

6 it to me mechanical cut-off" point as defined in the approved 


0 eer ey the total - - - - he as 
follows: 


1. Теїї- - 150 gal. 1. Right - 150 gal. 
2. left - 156 gal. 2. Right - 156 ۰ 
3. Left рі 216.5 gal. 3. Right 27 216.5 gel. 
L. Pylon - 220 gal. R. Pylon - 220 gal. 
L. "P" Tanks - 112 gal. B. "P" Tanks - 112 рт. 
Fuselage - ОШ gal. Fuel Trans- 

fer Lines - 11 gal. 


Normal fuel secquencing is; 110 gallons from external fuel and tank, 

70 gallons from tanks #2 L/R, 19% gallons from "T" tenks, 60.5 gallons 
from "P" tank, 230 gallens from tanks #1 L/R, 312 gallons from tanks 

#2 L/R, 63 gallons from tanks #3 L/R, 180 gallons from "Р" А. ре: 194 
gallons from tanke #3 L/R, 226.5 gallons from tanks "T", , and #3 L/R 
and fuel lines. 


In paragraph 3.8.4.¢.1., change "both" to ТОР вид chenge vu to LH and 
change ”جج‎ to КН. 


бахаптара 3.32.3.1.1, secend line, remove "or frequencies”. In the 
third Line , change "frequencies" to switches. From the fourth line, 
remove "or frequencies”. 


Prom paragroph 3.13.1.3.a., remove the last sentence "When .... altitude". 


On page 30, redraw this curve to indicate a target Mach number as required 
by paragraph 0 


Та paragraph 3.13.3.2.1.1, to the last sentence after “approximate 
аа, айа and shall cause the interceptor to climb to tho proper 
alti "eee eto. 


In Table I Range Accuracy, replace the mumbers of nautical miles to 
A, B, and C respectively. ` 


р – 


(21): 


(22) 
(23) 
(2%) 
(25) 
(26) 
(27) 
(28) 


(29) 


(30) 


(31) 


(32) 


Q е 


. McGeary, Flight Test Group Enginser DATE: 8 April 1958 
-Page 3- 
(20) Rewrite paragraph 3.13.8.6 to xend: Antonne colueidence and lock-cn 


lights shall be located near the target position display. These lights 
ghall indicate the lecimd-en-to target by 2013 brillionco. These | 
lights shall be integrated within the target intensity push bugtong. 
Position of switehes shall 10416600 which target is being identified 
while internal lighting shall indicate antenne coincidence and lock-on. 


In paragraph 3.14.1, title shall усаа TACTICAL SITUATION DISPLAY. 
Chance third line to tactical situstioa display. 


From paragraph 3.15, remove sentence Байшин سو‎ реа 
trensparent material”. 


In paragraph 3.15.1.6.4., change “slip” to bank. 

To paragraph 3.15.4.8.4, add с. Fuel Control Failure. 

In paragraph 3.15.5.8.6.0., change “explosive” to rapid. 
Prom paragraph 3.15.4.8.7.8 and o, respectively, remove the word "control". 
In paregreph 3.16.2.b, 1094 line, change "голл" to dwell. 


To paragraph 4.2.3, 6th line, between "given" and "to" add, as Í 25°/see 


From paragraph 4.3.3.1, HOEE:, remove tho lest sentence "These ...... 


In paragraph 4.3.4.10, the last sentence should be changed to read: 
Рог any acceleration, the elevator surface deflection shall agree with 
approved data reyorta, within + 0.02M, * 0.5 degrees per в, or + 10 
percent, whichever is greater. 


Paragraph 4.3.4.14, shoud be changed to read: The roll rate shell be 
tested for various altitudes end speeds. Both the effective one-degree- 
of-frecden and fivo-üegzee-of-freedoeam Simulator roll retes without 
stability augrentation will be tested. Рог в given control defloction, 
the roll rates shall agree with approved deta within * 10% or + 5 deg/sec, 


whichever is greater. Configuration shall .... etc. 


Paregraph 4.3.4.15, shovldbe ehanged to read:  RUDUER EFFECTIVENESS 
(STATIC DIRECTIONAL STABILITY). Рог various sideslip angles, indicated 
Birapecds end configurations, the rudder surface and aileron control 
surface positions shall agree with approved data within + 1.0 degree. 
The heading change for the test chall be maintained at zero by banking 
over. 


TO: 


1 ж 


(33) 


(34) 


(35) 


(36) 


(37) 
(38) 
(39) 
(40) 
(1) 
(42) 


(43) 
(ш) 


(45) 


ы О 


R^ d. NeGeary, Flight Test Group Engineer DATS: 8 April 1958 


Paragraph 4.3.4.16, should be changed to хеей: Elevator surface position 
and attituüs indication &hall agree with approved data reports. Elevator 
surface position shall agree within + 2 degrees and attitude shall agree 
within + 1 degree as read on the angle of attack servo dial. Flight con- 
ditions for appropriate combinations of altitude, bank angle, gross weight 
anû airepsed shall be tested. 


In paragraph 4.3.4.17, second line, "slip and turn” should be tum and 
bank. The fourth line should read: from zero rate of turn to standard 
rate of turn, the needle deflection. In the sixth line, add а period 
after "greater" and capitalize "heading". At the епа of the last sentence, 
edd whichever 15 greater. 


In paragraph 4.3.4.22.1, first sentence, 00014 read: Voltages correspand- 
ing to roll and sideslip angles in the trainer .... etc. In the fourth 
aentonce, "the oscillations” should be these osefllations. Also add ss 

в last sentence: The time required for these oscillations to damp to one- 
half amplitude shall be measured. 


Paragraph h.3.h.22.1.c. should be changed to read: The ratio of the width 
of the roll angle oecillation envelope to the width of the sidsslip angle 

envelope shell be mossured and rolling paremters calculated, This para- 

meter shall be within + ۰0۵5 degrees-seconds per foot or + 209, whichever 

is greater. 


In paragraph 4.3.4.22.1.4, change "periodic" to aperiodic in the first 
ami last sentences. 

Paragraph 4.3.4.22.2.8.(1), should be changed to read: the envelope of | 
the pitch attitude oscillations shall be dren. 


From paragraph 4.3.4.22.2.а.(2).(а), "values given in” and "report" 
should be removed. 


Paragraph 5.3.h.22.2.b, should be changed to read:  Long-Period (Phugoid) 
Oscillations. 


Зо pue و الو دی‎ add at the end: for the tests nnde in accordance 
with paragraph 4.3.4 


In paragraph 4.3.4.23, the title should be changed to read, TURN AND BANK 
INDICATOR 


In paragraph 4.3.4.24.b., "slip" should be changed to slips. 


In paragraph 4.3.5.3, "SLIP" and "slip" should be changed to BANK anā 
bank respectively. 


In paragraph 4.3.5.11, "pilot's indicator" should be changed to read, 
pilot's heading indicator. Add a period after "inüicator" and delete 
the remaining phrases. 


| Q 


TO: Re 6. Мебевгу, Flight Test Group Engineer DATE: 8 April 1958 
| ۱ “Бодо 5- 


3. Paragráph à. 43 ET реша Bo «Бейка to reed: ей. the comand receiver 
art ог Date, Link receiver is tuned. вид within range, the grid lines in the 

23 M i GITUACTON DISPLAY ‘shill indicate tho bearing of the Aireroft 
ہم‎ from th Arg étation.celected by the Node switch on the Tactical Situation 
اس‎ Display, Within + 3 ‘degrees. x x 


EROT). E Table у; СЕ "ыы." to > ти 52 tio £=. ۱ 
edor өз Jy 1 1 rh. : 


(48) м мые у, change а tio | EE 
) ша я; . у. 
(49) То paragrapi 5.3.1, et the ны. ЭР the АМЬ E ада. the 
sentence: F ef. data 85511 ۵ cmq ۹ ٣ 
the- trainer. 27: ёр a d a { 


(50) Ta prre 5.10, the title ahold је changed to rend: SPECIAL TOOLS 
AND TEST EQUIPMENT 


x РА 


(51) а лаца ات‎ куйу мы цэ! "еее" маша be changed 


to steering dot. Also in the third line "screen" should be steering 
reference circle. | Delete the loot sentence of this paragraph. 


сс: H. С. Roderick 


R. B. Чон К. Cheney 
6. G. Witt 


From: 


Subject: 


References: 


с © 


CONVAIR 


A Division of General Dynamics Corporation 


(8an Diego) 


R. G. MeGeary = Flight Test Group Engineer 
J. S. Seckel 


EFT-P/F -106A/914 
4 April 1956 
Index Ноос ТОР” 


Minutes of Stability and Control Testing Coordination Meeting 


Held 31 March 1958 


b) Memo EjT-P/F-106A/755 dated 17 January 1958 


a) Memo EFT-P/F-106A/618 dated 11 November 1957 


с) Z0-8-158 Flight Test Program dated 27 June 1957 


Attendees; Е. Lauderman EFT-RRA R. Johnson 
A. Cappenlen EFT REA W. Clark 


4. Seckel ЕРТ-0 


~ 


CSS 
CSS 


Тһе meeting was’ opened with a review of "the present status of the aircraft. The 
priorities of the remaining tasks were Gesignated ag follows: 


i. 


Assume the aircraft will er through Air Force Phase II as 0 then 
conduct the tests as outlined below in the listed order. | : 


(a) 


(9) 
(c) 


(a) 


(e) 


(£) 


(&) 
(n) 
(1) 
(3) 


Three week lay-up for instrumentation to return the aircraft to stability 


and control configuration. 
Functional check flights. 
p Ашин. апа 080 testing. 


P; 


Static longitudinal tatty and trim servo tests. 


Turn coordinator testo. 
Dynamic Stability tests. All points to be completed. 


Date obtained in 


the past will be rerun because of the installation of the slotted leading 


edge. 

Air data computer tests. 
Maneuvering flight. 
Stetic lateral stability. 


Control system environment tests. These tests are to be conducted as a 
by-product test during the completion of the above items. The acoustic 
measurements will be deleted until the sub-gonic noise problem is solved. 


© © 


۱ 6 0 1 ۷ ۸ 1 5 | EFT -P/F -1.06A/914 
. San Diego | \ April 1958 
| Page 2 
To: R. С. McGeary = Flight Test Group Engineer 


. Subject: Minutes of Stability and Control Testing Coordination Meeting 


Held 31 March 1958 


2. Assume the Phase II Testing will be delayed and other tests will be required 
to sustain operations in the field. The following tests can be conducted 
with minor changes to instrumentation and it 18 estimated approximately one 
month will be required to complete these testas. 

(а) Airspeed calibration. 
(b) CSD testa. 

(c) Delta E per G. 

(d) Delta E trim points. 
(e) Rolis at 7,500 feet. 
(f) ADC tests. 


Tests in addition to these listed in 2. above will require an extensive instru- 
mantation lay-up. 


Approved by /1/ ہر‎ C9 GA 
• С. Droege/ 
Assistant Elight Test Group 
Engineer 


WCD:JSS:rw 


"се: Attendees 


Е. Е. Strayer 
H. K. Cheney 

A. W. Kellogg 
R» Kuhns 

M. Edelstein (5) 
R. Chausse 


A. Whitworth 
ЕРТ Piles 


" q | CONVAIR m مک‎ 
ве А 09728101 of General Dynemies Corpor 


(San Diego) 
Е | 
ps ‚ ЕВ-Р-8-3219 
Яд 10 March 1958 
2 Ye ۷ 
| 
To: J. E. Lampman 
Fron: R. M. Wright 


Subject: Meeting at НАС on 7 March to discuss SAGE P-106A Instrumentation 
Attendance: В. Godbois НАС 08 (Field Service & Support) 
! | НАС п п 15 


J. Gardner НАС T T 

L. Enstedt HAC 2 (Contracts) 

P. Norsell HAC 41 (Systems Evaluation) 

G. Maistros HAC мир Flight Test Instrumentation) 
Р. Jarratt HAC 

R. Mellison СУ Purchasing) 

R. Dunn су на 

Е. Wright су 


1. A meeting vas held at Hughes Aircraft Company on 7 March to discuss the 

| Hughes task in instrumenting the SAGE F-106A's 244 and 245. Convair vill 
subcontract to HAC the task of instrumenting the МА-1 rack end black. 
boxes and building en instrumentation tie-in system. HAC will prepare an 
area estimate as per Project Office Memorandum Но. 58-98. 


2. The overall task waa discussed and I gave a brief run-down on where we 
85008 пом and dates that we hed to meet in order to get the instrumente- 
tion іп the aircraft. The dates given were: 


"в. Airereft delivery dates to the USAF, S/N 244 December 1958, 8/N 245 

January 1959. | 
be Engineering release date to the shop. Convair ЕРТІ, 1 June 1958. 
е. Area to area wiring needed from НАС, 15 "April 1958. 


3. | The rest of the meting was spent discussing what the HAC estimate vould 


' inelude. 


‚ НАС Field Service and Support Department '۔‎ | 

This group will modify the МА-1 5 boxes and racks. Their estimate vill 
be based on doing their modification work at Palmdale and supplying support 
during a check-out епа calibration period at Palmdale. Но check-out time 
10 alloted. It vas agreed that this check-out period is important in order 
to deliver to the ОЗАР, operational systems. Concurrence on this is 

needed from the Convair Project Office and the WSPO. 


ВАС Flight Test Instrumentation Department 

Their estimate will include bui а complete instrumentation central 
system (power supply, inverters etc › а two week check-out and calibration 
‘period (after USAF acceptance) and will include enough specialised test 


equipment te check-out, calibrate and maintain the instrumentation packages. 


To: Lampman | 
Subject: Meeting at HAC on 7 March to discuss SAGE Р-106А Instrumentation 
| 


! 


Q | = Pege 2 


EFT-P-8-3219 


J. E. 


Their estimate will also inclûde spores and coverage for usage of extra 
recording channels in the event it is decided to use more recording. 
оу recommend that the instrumentation packages be sont to HAC - Culver 
City for them to do the installation work and that the USAP send out 
technicians during the check-out and calibration timo at Palmdale. 


НАС said that we would have the necessary wiring information by 15 April. 

If necessary, Mr. Dunn ора Mr. Mnistros could get together and mark up 

а wiring book. The signal pickup point information would be supplied 

цэс They would not need any coversge to supply us with the viring 
mation. 


W. Daniel 
В. Mellison (Dept. 34, Rose Canyon) | 
EFT Files 


HUGHES AIRCRAFT COMPANY 


О Doe — 7 
Сеара е 


INTERDEPARTMENTAL CORRESPONDENCE 


1123.1/175 


TO: | 7, A. Scanlan ۲ се: Distribution DATE: 27 March 1958 
SUBJECT: Results of HAC-CV Meeting to | FROM: Р, E, Norsell 
Discuss Limitations Applicable Ext. ММ 


to F-106A Aircraft Assigned to HAC, 


| А meeting was held оп 27 February 1958 to discuss the restrictions and 

' limitations applicable to the F-106A Aircraft to be assigned to the 
Hughes flight test programs, In addition, modification kit availability 
to remove limitations and approximate "down time" required to accomplish 
| | modifications were discussed where information was available. 


| Participating in the discussions were the following: 


Convair Organization Phone 

| В. E, Lowry Model 8 Project Office San Diego Tie-Line 

Ч, Р, Easley Engineering Flight Test - San Diego Tie-Line 

| Ёо С. McGeary Engineering Flight Test San Diego Tie-Line 
ЊОМ, Wright Engineering Flight Test 2405 
| Hughes Organization Phone 
Н. R. Mardin : 42 - Field Operations 1371 

" | А„ Ne Pogner hO - Missile Systems 6201/28 

D. E. Koontz ~ 11 - Systems Evaluation 1909 
D. D, Cox 2 08 - Field Engineering 3901 
, L; 5. Kirshner با2‎ = Flight Test 4703 
G. R. Lopez با2‎ - Flight Test | 1703 
| D. К. Rollow 11, - Systems Evaluation 6165 
J. J. O'Reilly 2l, = Experimental Flight Test 231) 
4. A. Scanlan 11 - Systems Evaluation 1195 
^, D. E. Fritsche hl - Systems Evaluation 2633 
E. W. Durfee hi - Systems Evaluation 4211 
|М. Н. James 12 -Electronics ``; 3461 
M. Ас Nation h2 - GAR - 3/4 WSPO . 4219 
| Ge Р, Steffen hl - Systems Évaluation 2633 
C. A. McDaniel 2l - Experimental Flight Test 4128 


n. 
, Convair supplied Hughes with the following documents, which provided the 
basis for the discussions: 


1, Е-106А Operating Limitations Lifted by Parts (8-21 No; 1 and 
` Subsequent) 23 January 1958, Revised 11 February 1958. 
2. Flight Limitations - JF-106 Airplane S/N-5) (8-21 No. 2) 
` Model 8 Project Office Memo Мо. 58-32, 23 January 1958. 
3. Flight Limitations - JF-106 Airplane S/N 56-157 (8-22 No. 1) 
۰ Model 8 Project Office Memo No. 58-57, 31 January 1958. 
| h. Flight Limitations - JF-106 Airplane S/N 56-163 (8-23 No. 1) ` 
Model 8 Project Office Memo Мо. 58-85, ll February 1958. - 
| 5. Flight limitations = JF-106 Airplanes S/N 56-64 and 465 (8-23 ۳ 
| No. 2 and 3) Model 8 Project Office Memo No. 58-88, 19 February 1950. 
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Results of HAC=CV Meeting to 1123.1/175 
Discuss Limitations Applicable i Page 2 
to F-106A Aircraft Assigned to HAC. 


ån additional applicable reference document regarding performance and 
restrictions is the Interim Flight Handbook 2М-8-506 (FHB 14-1). 


Convair supplied an approximate task schedule for their flight test program 
which displays the periods of time devoted to static, structural and flight 
demonstrations required to lift certain of the performance restrictions. 
(See attachment 6). Full capability in each of these areas will follow the 
flight test period by approximately 60 days (required for data reduction, 
analysis, and reporting). It should be noted, however, that Convair 
anticipates partial removal of restrictions throughout each of the time 
periods shown, 


Should Hughes require clearance to perform a particular maneuver in the 
developmental flight testing of the MA-1 АМСІЅ or GAR=3/l missiles prior 
to formal removal of an applicable flight restriction, the Hughes MA-1/ 
GAR-3/l, ЖРО should direct the mrticular requirements to the Convair 
Model 8 (F-106) Project Office for appropriate action by Convair. Replies 
will be directed from the Convair Model 8 Project Office to the Hughes 
MA-1/GAR-3/l WSPO. 


Convair mentioned that the subject aircraft would require twenty five hour 
maintenance inspection periods. 


| Discussion pertaining to reference l., F-106A Operating Limitations Lifted 


by Parts. 
LIMITATION COMMENTS 


80 percent Load Factor Pending Comple- Max 5.3g - Should not be a problem. 
tion of Static Test. 


decelération: limit, HAC to accomplish ~ 
kit avail. 


Maximum speed 690 KIAS Engine thrust mount bolts. Flame out- 


3 seconds maximum Negative G. Constant speed drive restrict. Relieved 
by end of August 1958, ЦО man-hours to 
accomplish. 


“Мо AFCS Flights-Trim follow-up. 15) and 157 okay on delivery, kits avail- 


able 1 April 1958. 


No AFOS Flights Add Ail. Lim. Sw. l5l, and 157 okay on delivery, kits avail- 
able now. 


No IFF System Installed. (Air-to-Air) | Structural (Rib) interference-minor 
, modification - 7 March Engineering to HAC. 
Needs further investigation. 


е 


Results of 5۸0-07 Meeting to 
Discuss Limitations Applicable 

to F-106A Aircraft Assigned to HAC, 
LIMITATION 


No C and N Localizer Reception 


Inaccurate ILS 


Do not use Scope Test Switch 


No Radar/Radome Anti-ice 
No Flights in Icing Conditions . 


No use of Rain Removal 


No Night Flights 


No Emergency Cabin Pressurization 
Capability. 


No Aft CG Capabilities 


No External Fuel Capability 


No In-Flight Operation ~ Forward 
Missile Gear. 


No In-Flight Operation - Forward 
Missile Gear. 


No In-Flight Operation - Aft Missile 
Gear. 


No Line Missile Carrying 


No Line Missile Carrying 


1123.1/175 
Page 3 
COMMENTS 
No manual ILS or AILAS until antenna 
revised - New coax cable required - 


Engineering available. 


Requires re-location of Marker Beacon 
antenna. Engineering release با‎ March. 


МА~] = No problem 


No problem - applies only to aircraft with 
metal radome, 


Мо 


Requires change in engine nose cone - 
available in June = required 463. 


Re~installation of valve in Refrigeration 
Compartment. Valve available with air- 
craft. 1/2 day job to install. Required 
on A/C 163. 


No problem on l5l апа 457. Picked up оп. 
163, men and 165, 


Requires slight wiring change. Engineering 
available ~ 207060. НАС to investigate 
further, 


Automatic System ECPh1hl plus associated 
changes, Engineering for manual system 
available now. Kit available 1 April. 
Approximately 2 week job. 

Not presently scheduled for any test air- 
craft. Need pods on 45 and 157 for AFCS 
checks. These ‘pods will restrict speed 


to less than M.095. CV to investigate 
further. 


3Up-3nubber Installation 
#Up-Snubber Orifice and Cylinder Orifice 
Revision 


tUp-Snubber Orifice and Cylinder Orifice 
Revision 


*Relocate down switch installation 


Harness clipping 


Q Q 


Results of HAC-CV Meeting to 4123. 1/175 
Discuss Limitations Applicable | Page با‎ 
То ۳-106۸ Aircraft Assigned to НАС, 

| 
LIMITATION COMMENTS 
No Missile Firing Capability #Нагпезв Installation 
No Missile Firing Capability ہ‎ #Cannon Shell Compatibility 
NOTE: Items marked (%) can all be accomplished in one 8 hour work 


day - kit available on A/C delivery. (The next fifteen items 
of reference l were either non-applicable or not considered 
problems and will not be discussed herein). 


No operation of Armament Subsystem HAC to investigate further as regards 
No С,М and L Subsystem Flight Does not apply to HAC А/С 

Operation 

No Use of ILS Add Rel.. Head to Dev. Ind. 


No information available.. Investigate 
further for ЦЭЦ and 457. 


| No МА-1 Missile Firing Missile Timing and Fil. 
Power-Investigate further A/C 457, 163, 
hóh and ۰ 

“Мо MA-1 Missile Firing Radar-Missile Harmonize 


Live Missile Test (Range Gate Switch 
on Launcher). HAC to investigate further. 


No Flights w/MB-1 Aboard Does not affect instrumentation package. = 


16) and 165 are ok. 


No МА-1 Radar Subsystem Flights Revise Radar artificial horizon and antenna 


position indications. HAC to investigate 
further for all A/C. 


Remaining items of reference 1. were either not considered problems ог did 
not apply to A/C under consideration. 


Discussion pertaining to reference 2., Flight Limitations - JF-106 Airplane 
S/N 45) (8-21 No. 2), Model 8 Project Office Memo Мо. 58-32, 23 January 1958. 


II C-3 Automatic Flight Control System (Parts Limitation) - Use of AFCS 


II D-3 


is prohibited. Installation of aileron limit switches, relocation 
of trim follow-up switches and installation of a pitch "0" limiting 
system required to relieve this restriction. This is not a problem 
іп A/C 5) as these items of work will be accomplished prior to 
delivery to НАС, 


Fuel Transfer System. Convair (Ralph Lowry) will verify that the 
manual fusl transfer system will be installed at Palmdale prior to 
delivery to HAC. Lowry stated that the HAC request had been at 


Q ы 


Results of НАС-СУ Meeting to 1123. 1/175 
Discuss Limitations Applicable : Page 5 
to F-106A Aircraft Assigned to HAC, 


Convair for some time. The problem Convair is trying to solve 
is hay to install this temporary system and then "sell-off" 

the aircraft for delivery to HAC. For the aircraft assigned to 
the Convair inventory, the changes were accomplished on an 
instrumentation work order. HAC agreed to help out on this, if 
possible. 


II Del Emergency Cabin Pressure. This modification is not presently 
Scheduled for the HAC aircraft.  Convair suggested that if HAC 
requires this modification, the Convair Project Office should be 
contacted. HAC (C. A. McDaniel) stated the modification was 
desirable - but not mandatory. 


II F-h Damper Amplifiers. The limitation discussed under this item 
pertains to maintenance. HAC (C. P. Steffen) stated that this 
should not be a problem in the AFCS work on 5, but suggested 
HAC investigate this item further. 


Discussion pertaining to reference 3., Flight Limitations = JF-106A 
Airplane S/N 56-157 (8-22 No. 1) Model 8 Project Office Memo Мо. 58-57, 
31 January 1958. 


‘ТТ C- Synchronizer Installation (АРХ). НАС will evaluate the require- 
ment for this installation. 


II 0-5 Localizer Antenna Cable Revision. 

and | 

ТТ C-6 Marker Beacon Antenna. 
These items were discussed under reference 1. HAC must determine 
approximate installation dates. 


II C-13 In-Flight Displacement of Missile Gear Prohibited. 
This will be a problem to HAC until carrected. HAC will receive 
[arts with the A/C and install. 


Discussions pertaining to references lj. and 5. Flight Limitations - JF-106 
Airplane S/N 56-163 (8-23 No. 1) Model 8 Project Office Memo Мо. 50-85, 

l} February 1958, and Flight Limitations ~ JF-106 Airplane S/N 56-46) and 165 
(8-23 No. 2 and 3) Model 8 Project Office Memo No. 50-88, 19 February 1958. 


ТТ B-12 GAR-3 and-l Missile Operation.  GAR-3 ап4-| missile operation pro- 
hibited. This limitation will continue until F-1064 S/N 160 Flutter 
Testing is completed. These tests will start in May 1958. Until 0 
extends missiles in flight, HAC cannot make captive flights with 163. 
À lengthy discussion terminated with the conclusion that Convair 
would complete sufficient testing in this area prior to HAC requiring 
in-flight extension of missiles with 463 to permit such testing. 
Convair and Hughes agreed that special effort should be made to co- 
ordinate data from 458 and 460 to HAC, Culver City, to facilitate 
in planning the 63 program. 


2 ЭГ” 


Results of HAC-CV Meeting to 1123, 1/175 
Discuss Limitations Applicable Page 6 
to F-106A Aircraft Assigned to HAC, 


ТТ B-15 dGAR-3 and-l, Missile Firing. Convair will provide clarifica- 
` tion of yellow and red light conditions imposing launching 
restrictions, 


7 К бар д 


2 7 P, Е. Norsell 
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A Division of General Dmamnics Corporation 
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| EFTI-OB-h81 
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TO: Jo J. Beckman 
FROM: | | B. E. Sowers | " 
SUBJECT: Trip Report to НАҒВ - 2/25/58 to 3/5/58 s 
| К 


The following paragraphs cover the mejor items discussed or ود‎ ме 192 : 


garding instrumentation on A/C 458 and 460. 


HOD CAMERA و۸۲29‎ | ü 
1. о Launch viewing cameras were mounted ала aligned in each. wing. pod. А | 


mounts were secured end adjustments safety wired, ‘The "grid" pictures obs 
tained for each camera will serve св ۵ "calibration" until different pods 

ere installed or until completely different view angles ere required. Semple 
calculations ware mode to verify the ceeuracy of the allgnusnt for each camera. 
With careful readout point location eccuracy in the event plane beneath the 
aircraft. should be within 4.5 inch. The two cameras on the forward mounts 
vicw a portion of the airplane fuselage. This permits use of a fixed refer- 
ence point to correct the view angles should any change occur За flight, 


The chext below gives pertinent field of view information. 


| May “ei rro | cfe ewren | 


| » а, . 
' Флху Р “м 722274 محر بسح در ہرم‎ AT 


VM OO “ав 
Павле (renes) جس‎ ———— 


Ў مسج رم‎ Aye А” سم هم‎ ет HL -3Р 


` 
` 
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SMOKE PUFFS 


21. The MeDonnoll facility at Holloman wes 88 to discuss smoke puffs. The 
following information was of interest: . 


А. Aircraft visual tracking vas difficult to impossible using the Mod. А 
(short, 3.5 inch) U..S. Flare cartridges. ‘These produce & nominal 15 
feet diameter puff. : . я 


В. Tracking is more HIM at 5 mach and Хоч altitude than at high 
altitudes TEAM : 

C. MeDonnell recently tested a smoke puff magazine being used on their 
‘airplane. Firing was done from o test stand. Two "zero delay" cart- 
ridges were included in the loading. The resultant explosion, includ- 
ing & sympathetic firing of one of the standard delay cartridges, de- 
polished the magazine, Comments: .Thio should have been expected since 
the installation was designed for the short cartridges end long cart- 
ridses were used in the test. This left approximately 3 inches of the 
light aluminum case sticking out. The light aluminum shell should be 
considered merely a conteiner for storing or carrying the cartri 
not & Моли for firing. 


2. ‘he first amoke puff müzezine to be sent to Holloman (ESD 20 March, 1958) 
for installation in the camera pods will be test fired from & ground stand. 
Tits will serve to confirm vendor tests of the individual guns and to check 
out the complete assembly including the stepping switches used to program 
the puffs. “he guns used in these magazines were designed and proofed to 
completely contain any explosion due to failure of the cartridge delay 
mechani an, ; 

| 


2. ALL paint was removed from the weld area (approximately B inches back from 
the tips) and a visual check with penctrating dye маз made. No faults were 
found in the eight (8) cones checked. 


1. Wing tip antenna assembly 0-59631 was used for telemstering fram the D.A.Co. 
round. 


Coanection from the missile to the aircraft antenna is accomplished 
with а capacitance coupling. Reception waa very good. 


1. Tho installation désigmed at S.D. interfered with armement апа with а tubing 
ani valve installation on the aft missile bay bulkhead. Holloman decided that 
it was easier to relocate the camera than: to modify 8-58569. ‘The camera vas 
installed on the cross bracing of the fwd launcher; using part of the 8-58569 
bracketry. It provided. good coverage on Flight 132 d cannot be used on 
flights requiring Руа launcher extension. E dre 


ma ы ы 
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| GENERAL OBSERVATIONS 


| l. Quick Look at Data. In order to detect faulty instrumentation and start 

| corrective action as soon as possible it 18 necessary for Dept. 313 

Instrumentation tó look at the records. А thorough "Look" cannot be done 

in thirty minutes or an hour. Since the time that the records can be held 

at Holloman is limited it would help to eut out the section or sections of 

| the oscillograph record requiring more detailed study and run a blue Line 
copy on their Ozalid machine. This could be used for annotation and study 
by all concerned, Р : 


0. FTEO 0 Holloman “ground rules" réquire all. signature blocks on 
the ТЕО, including "cuotoamer", for gll things accomplished Юу FTEO. ‘This 
makes for unticeessary delay in doing many things that are not a “structural” 
or "Air Force" type iten. Holloman says the "ground rules" were established 
by San Diego. . m. 


се: Addressee 
V. 2. Schack 
Le R. MeClain 
5. Newnan. | 
8. Е. Souers (2) 
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| A Division of Gensral Dynamics Corporation 
| 9, \ (San Diego) 
4) X EFT P/F -1064/884 
10 March 1958 
Index No. 2595- 
чо | 
To: Distribution . 
From: В. G, McGeary, Flight Test Group Engineer 
Subject: Minutes of Flutter Meeting Hela № Merch 1958, Р-1ОбА/В Aircraft 
Attendance: В. C. Peller Dynamics _ В. 0. Meery, WIO.. 
Р. В. Heyner Aerodynamics W. C. Droage ЕРТ-0 
. 4. M.-Fitzpatrick ЕАРВ .. Е. G. Sehuette |ЕРТ-0 
В. "میا‎ Johnson EAFB J. Е, Aiken EFT <0 
R. Shields EAFB | В. Б. Moore EFT RA 
А. We Kellogg Model. B 0 7. M ELLiott EFT R&A 


i. 


This meeting was held to resolve assignments of the remaning Бре f£hitter 
testing. 


Aerodynamics presented predicted data to show stick force por "g" availeble 
in subsonic Flight at a 31.5 percent MAC CG with and without а tanks. 
The pilots agreed to fly the Р-1064 in both of these оваа for the 
specific subsonic test points required... | ; 


Considerable discussion was devoted to tho priority of S/N 56-152!8 present 
program and tho probability of not being able to support the lifting of Р-1058 
limitations for Phase II testing. Department 303 proposed a back-up fintter 
progrem on 8/7۲ 51-2501 to support Phase II requirements if necessary. 


The following plen of action vas agreed upon. э 


(a) Flutter testing on S/N 56-152 to completo remaining clean ——" 


(b) 


(e) 


(a) 


(e) 


flutter testing (both forward and 225 CG to low altitude) is to remain 
as 200 


External fuel tank flutter testing will be accomplished on F-106A S/N 56-451 
with fuel in the "T" tank to simulate the Р-106В configuration. satis- 
factory completion of this program will clear both the 7-106۸ and Р-1058 
with external tanks. 


Instrumentation is to be installed in Ғ-106В S/N 57-2507 to be used as 8. 
Ъаск «ир Тог 7-1065 flutter testing to a reasonable envelope to support 
Phase II in the event S/N 56-452 cannot fulfill the requirement in time. 
Shakers are not required. - 


The boattail study on S/N 56-452 will be reviewed in an attempt to delete 
Mi requiremsnt for decelerations to toques flutter testing on B/N 56- 
52. 


Overall priorities of 11 26-8 test progran will be reviewed at the 
appropriate Level. 


| 
| 
| ФОН ТАТЕ ы Q EFT -P/F-106A/88h 
' "Ben Diego 10 March 1958 
| Раде 2 


| То: Distribation | | 
Subject: Mimites of Flutter Meeting Held 4 March 1958, F-106A/B Aircraft 


Approved by : 


McGeary | 
Plight Test Group Engineer 


ROM: НОВ: ти: 


ce: Attendance 
P. M. Prophett/G. E. Putness 
Re E. Strayer 
Vo J, Schack 
Jo Б. Lomoman/8. Jsurchenko 
de Je Beckman 
M. I. Edelstein (3) 
V. L. Allwardt/G. F. Miller 
1. Ч. Redd 
А. Hoines 
D. C. Worden/C. Osberg 
D. Н. Bennstt/J. Frick 
М. Е. Fefferman 
J. James/J. Fink 
EFT Tiles 


- 


Suk Ta A sion of а Corp оп ко? 


(Sea Diego) 


То: J. E. Lampzmn 
Prom: Ro M. Wright 


Subject: Trips to Hughes Aircraft Company on 27 and 28 February 1958 


Items of interest covered during above trip are as follows: 
1, Hughes Aircraft Company (HAC) Р-106 Lint tations 


| On 27 February а meeting was held to discuss the limitations and 
configuration of the HAC aixeraft. Mr. В. MeGesry and W. Easley 
of our ЕРТ-Р Group told НАС of the existing limitations ard plens 
- to elininste these limitations. We were unable te give them the 
dotes that the kits to 1126 these limitations vill be available 
to НАС. I was surprised when they mentioned that they needed 
external fuel tanks for ACS checkout. They Бед not requested 
external tenks in their letter to our project office (HAC Letter 
4123.1/48 8 November 1957). This is something ws can worry about 
when it becomes available (sometime in 1959). 


8, GAR-1Y 


I talked to P. Ackerman about cur proposal for information from о 
their 1799/GAR-1Y program. Не 841 not Кроу how mich recording 
space would be available for сиг door Flutter- requirements once 
the A/C geto to HAFB. He wasn't too enthused about cur request for 
marker beacon flight testing but ho agreed that 1% didn't look 
like it would be a problem. He wants to know how we are going to 
handle the rod end iastrumntation. Are ve going to instrument а 
separate set or the ones nov on 17997 He will lock into the 
compatibility of their instrumentation system in » 
strain cage installation. Also the aveíilebility of oscillogregoh 
~ recording channels for flutter data. 


3. GAR-3 & h Instrumented Missiles 


I talked with D. Miroballi of the Missile Design Integration. Group. 
"- _ about, their estimate for instrunmting these missiles. We went 
۱ over the instnrumsntation list and there wore по discrepancies. Howe 
| ето they had not included аа estimate on maintenance of those 
missiles which is quite importent to us. Their estimate will be 
| revised to include maintenance. Jack Bratton, ИА-1 Project Managers 
| Office, seid they would need а 15 March go ahead for an attempt 
| to meot ori June requirement, 


COSVRXR 


Зо: 


Subject: 


| 4, 


5, 


6. 


Te 
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Јо Во Lenyuen | 
Trips to Hughes Aircraft Company of 27 ard 28 February 1958 


SAGE instrumentation 


"m -—— € | on the 
problem of getting instrumentation in A/C's 2 2. 
Apparently the vord hasn't gotten around to everyone that will 
be involved, Paul Norsell ваја that he hoped we emid heve a 
get together this week. 


P-106B Stub Ducts 


Бо information was available on the feasibility of getting stub 
81048 early for instrumentation. Paul Norsell is looking into 


"AAD" Progrem, Culver City Task 


НАС is sonevbat reluctant to discuss their task at Culver City 
on tho "AAD" aircraft. At this tim, they do mot have enough 
information from their people at Palmdale as to what the con- 
figuration end status of these airplanes is, to make a complete 
task outline. Using the information they have available at the 


present timo, they expect 3 to 4 weeks ground time to accomplish 
the folleving: 


2. MA-1 system check 

г. Complete instrumentation installa- 
tion end hook-up to system 

3. Conduct instrumentation checkout 

ha Harmoniza sation of the МА-1 system 


They expect to fly epproximately 0: shake 
down with some miss evaluation vork included. 


11۸-1 work will be dons in the daytime and instrumentation and air- 
craft work at night. Their people will be on a second shift as 
needed basis. 


"AAD" Progran 
I talked to Capt. Norm Drake about his trip to НАҒВ to talk to 
` Lt. Col, Kruge. Col. Kruge expecta the "AAD" aircraft to be able 


to fly data flights as soon as they HAYA, 

aware of the one month slippage in the program алд he figures 

that the НАРВ delivery will coincide with the comp of 

nu EN Col. Kruge is expecting to take his turn 
па ы او و‎ о NP Ше سن‎ те 

Ру бы Бы 


m 
8 


a ше 


To: 22 В. Мрки 
Subject: Trips to Hughes Aircraft Company of 27 and 28 February 1958 


T. "ARD" Program (сопьга) - 


Drake feels that the new USAF category testing will not have an 

1810462 effect on the "AAD" progrem other than closer coordina- 
tion with АРТ. Не feels that any follow оп "AAD" testing vill 
fell under the category system. 


He suggests that че (В. Streed) write a plan for data analysis 
end a proposal for running tho data office and submit 1t to tho 
rest of the test team staf? for approval. 


Ho also recommends that we get the problems together concerning 
tho operations phase as it is getting ncar tim» for formuliring 
the operational plens. 


KG CONVAIK en ; 

| | ЕУ = 9° ^37 

| W -410 | бул Division of General Dynamics Corporation fod il 20 сес 
| ы (бап Diego) | | 


21 February 1958 


! 


SUBJECT: Minutes of AAD Data Handling Meeting - Convair, San Diego, 21 February 1958 


REFERENCE: (8) Convair Memo No. ЕРТ-ЯЛ SA, "Proposed Data Handling Methods 
for the F-106A/AAD Flight Test Program", dated 4 October 195^ 


ATTENDANCE: 
| 
| О.К. Rollow Hughes » System Evaluation Dept. 6165 
Capt. B. Е, Chartier Нд. APGC, Eglin АРВ“ ~ 6 |. 8204 
Р, Е. Norseli Hughes = Planning & Analysis ' у 4744 
| Е. C. Alford, jr. Hughes - Planning & Analysis 4119 
| P. M. Wallace Douglas Aircraft Co - MB-1 P/O 2544 
| 1, Е. Tomascheski Convair - EFT 2405 
| | H, N. Deming Convair - EFT 2405 
| | . , R, W. Streed Convair = F-106 P/O 1381 
Jj. B Stonehouse ` Hughes - Systems Analysis Lab 6201 
| | G, А, Fatton Hughes - Guided Missile Lab 3065 
| W. Mullis Convair - EFT 1848 
1, Riedy Convair « EFT 1848 
J. E. Stengel Convair - EFT | 2436 
W. Pieper Convair = Holloman 6065 
M. Edelstein Convair - EFT | 2436 
R. M. Wright Convair - EFT | - 2405 


This memorandum presents the minutes of an informal meeting held at Convair, San Diego, 
Gn 21 February 1958. Companies represented are noted above. As this was an informal 
get-together, companies involved are not bound by any decisions made. 


‘the meeting commenced with a description of the CEC oscillograph developer which has been 

| modified by Convair to produce a simultaneous negative. Convair's experience indicates a 
stretch of 1% to 3% maximum can be expected. However, reading errors will be greatly 
minimized by 0. 1 second timing lines and а 3-step in-flight calibration of traces during data 
runs, Convair Holloman will reproduce a typical flight record and distribute these in the near 
future. Ozalid reproduction is available ав a back-up. 


in discussing Item 3a of the referenced proposal, agreement was reached that all original data 
Would go to the contractor of prime interest after being released by the data office. The data 

office will keep and furnish copies as requested. The contractor of шах interest will retain 
the original after the completion of the program. ` 


00178 k Cs 


San Diego ` 


21 February 1958 
Page 2 


Under Item 3c of Reference (a), Convair will reduce and tabulate aircraft data from the 
photopanel original and send copies of tabulated data to interested parties. 


Strike camera film may not be useful after copying due to small image size. The original 
may be routed to the interested companies. 


GAR and MB-1 telemetered data will probably require approximately ten days for final 
analysis, although "quick look" will be performed in the field. 


In the interest of expediting data shipments, Convair has saved time in the past by shipping 
classified material by Air Express (unclassified by Air Freight). It was suggested this 
method be used since pick-up at the airport can then be arranged. 


Copies of all pertinent data handling forms (status records, calibration sheets, trouble reports, 
etc.) were distributed to the attendees. Most of these forms have been agreed upon by HAC 
and Convair Instrumentation Groups. These can be modified if the need arises. 


The necessity of pilots’ comments and a log of the flight to accompany data shipments was 
stressed. Post-flight notes will also be included. 


№ Streed discussed the desireability of a joint meeting of the Reliability Groups of Convair, 
DACO and HAC. In addition, he expressed a desire that the Veapon System Integration Group 
meet with the HAC counterpart at some future date. | 


In discussing the operation of the Joint Data Office at Culver City, no precise forecast was 
made of manpower to be supplied by Convair. Engineers will be furnished as required. 


-— 
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У. J, Schack 


Subject: Trip Report - Conference at Hughes Aircraft Company 3 February 1958, 


on Wide Freme Camera Requirements. 


Reference: (a) WSPO ltr MCPHFC(RDZSFG/19-1B AAD Program) dated 13 January 1958. 


Attendees: J. J. Beckman... . Convair 


1. 


2. 


C. Ч. Alsworth .. . Convair 
К. Wright . o о » + Convair 
Capt. N. Drake o • • USAF 
Capt. B. F. Chartier USAF 

J. Jarratt „ + • o » НАС 52 
G. М. Maistros . + + НАС (PIED) 
C. Kirby 5 ç s • • о 

І. Zipper e 9 • و‎ ео 


HAC (SDL) 
НАС (SDL) 


The purpose of this trip vas to establish the basic requirements and рага- 
meters for the wide frame camera installation anf to reach an understanüing 
and explanation of the requirements given in Reference (в). 


Requirements established apply to AAD Program and as noted below considerat- 
ion should be given to other future requirements such as Phase ҮІІ. 


8. 


De 


Ce 


d. 


Qe 


f. 


REFERENCE PLANES: WL AND BL 
FIELD OF VIEW - Each Camera: 


(1) Azimuth - 30? with recommended overlap of at least 1° for each 
camera to insure continuous coverage. 


(2) Elevation - 10° 


ADJUSTMENT FOR EACH CAMERA: 

(1) Azimuth - None 

(2) Elevation - +4°/-6° 

LENS: 6" Focal Length 

FILM: 

(1) Running Time - 80 seconds total 
(2) Rate - 20 Frames per second 


FIDUCIAL MARKS: Illuminated type required due to possible inclement 
weather and night firings. 


CONVAIR Q 


Februaxy 1958‏ با 
ЕРТТ-88-159‏ 
Page 2‏ 
Index 5‏ 
Memo to ¥. J. Schack | .‏ 


г. в». EVENT MARKER: | One required. 
h. SHUTTER CORRELATION: Required. 
1. TIME BASE PROVISIONS: Required. 
J. POWER REQUIREMENTS: 


(1) D.C. preferred for AAD Program to prevent additional wiring and 
overload on A.C. 


(2) 400 cycle A.C. preferred for other future requirements. (Conveir 
to make final decision on later look. 
Ko 
ENVIRONMENTAL CAPABILITY: 


(1) Аз called out in MIL Specs. 
(2) Heaters as required. 


1. CONTROLS: Recommend paralleling existing cameras and allowing for use 
of plug disconnects for circuit. 


m FRAME REGISTRATION: Not required but desirable for future use. 
n. SYNCHRONOUS OPERATION: Not required but desirable for future use. 


3. Concept of a right and left camera vas agreed upon with due consideration to 
be given to interchangeability and accessibility. 


ће Capt. N. Dreke agreed to wire all AAD sections concerned as to results of the 
subject meeting. Within three or four days, he will attempt to determine the 
extent to which АРАС Eglin Air Force Base people are concerned with instru- 
mentation and Camera Specification approval. Capt. B. Chartier will visit 
Convair - San Diego on 13 February or 14 February to approve preliminary camera 
specification, ۱ 


CONVAIR А œ G өр 


San Diego 
4 February 1958 
ЕРТТ-8В-Ц59 
P 
Memo to V. J. Schack de: Index ٩ 05 


Subject: Meeting at 13:15 to Discuss Camera Problems on JF-106 
Attendees: J. J. Beckman « . Convair 


C. Н. Alsworth. . Convair 
R. Wright е LÀ в ә Convair 
P. Norsell . . . HAC SDL 
I. Zipper e e • • ПАС (SDL 
Go Maistros ее d HAC FIED 
Р. Jarratt. о . . HAC (FIED 
Ge Kirby е % = ° HAC 


The following conclusions were reached: 


1. Convair to submit immediately to HAC via official channels, a ТИХ or letter 
stating that Convair is proceeding with the Wide Frame Camera Installation 
in the Wing Root Leading Edge in Meu of the fuselage center strike camera 
installation. HAC requested supporting reasons for this decision. 


2. On the basis that no center strike camera installation would be provided in 
the subject aircraft, P. Norsell stated 1224, the wing wide frame camera would 
not be required at this time. HAC would determine at a later date if the 
wing wide frame camera installation is needed. Convair will not reflect any 
wide frame camera requirements on AAD Program Purchase Orders. 


“3. The side strike camera installation will be retained. HAC agreed to accept 
the installation with а plate over the skin cutout. The camere fairing will 
be shipped as loose equipment. Wiring provisions must be installed. 


4, Convair will proceed with revisions to the Instrumentation Specification to 
reflect the above changes. 


PHASE VII A/C CAMERA REQUIREMENTS: 


Capt. Drake end Capt. Chartier declined to discuss this area in view of the pending 
decisions on Phase УІІ - Category 3 switch in the Air Force area. 


а ет t ekanman 


ce: N, М. Reed Dost б esu Engineer - 1 
D, 8. Kehler 
Le R, McClain ا۳7‎ 6 еі, 
R, E. Strayer 
R. G. McGeary С. W. Alcuorth 
L. E. Ottem Flight Test Instru. Engr. = EFTI 
A. W. Kellogg 
D. C. Worden 
Р, M. Prophett 
С. E, Putmess 
M. Matyas 
R, Streed ول‎ Jo Beckman C. V. Alsvorth 
R. Lowry EFII Files (2) АВатеввее 


В. М. Wright EFT Files 
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| EFT-P/F -1064/840 
| 31 Jamary 8 
То: iu B. Обем, Senior Project Engineer 
From: Eugineering Flight Test 
Subjects Flight Test Change Evalvation Meeting Held 27 and 28 January 1958 
Enclosure: (A) Revision to Flight Test Bffectivities 
Attendance: D. C. Worden Model 8 0 J. К. Stuart RAFB 
C. Р. Osberg Model B P/O E. E. Hixcon EAFB 
A. W. Kellogg Model 8 P/O В. G. Мебевгу ЕРТ 
Р. А. Applegate Nodel 8 Р/0 W. P. Easley EFT 
Y. L. Allusrdt REATB Jo 1, Foglemn EFT 


G F. Miller EAFB 


The subject meeting was held to re-evaluate the F-LOGA and F-106B Engineering 
chenges on individual Flight Test Aircraft, with the aim of reducing the high 
work load and consequent delays to the program which would result from the 
mmber of changes being relzased for flight test sccomplichwent. 


While it is understood that the leck of some of these changes шау result in ume 
Favorable reflecticas on the aircraft, it is felt that the progrem delays and 
costs incidental to accomplishing them would be more unfavorsble. 


Га addition, it was found that certain changes should be rescheduled for flight 
test accomplishment due to revision of the progrem as reflected іп D.I.B. 24.000, 
Revision K, dated 6 Jamary 1956. 


With the concurrence of the Model 8 Project Office, it is requested that the 
effectivities for the changes listed in Enclosure (A) be rescheduled for 
service action or flight test accomplishment as indicated. 


Prepaved By: Les 27 2: 
W. P. Hagley 
Design Specialties 


GEPWPE:gLP:riw 
се: Attendees 2 2” Ж 
Н. F. King Корготед. Ву: QC. AU eye 
J. E. Lenpmen 776 G. Е. Putness / 
R. E. Strayer Chief of Inginéering Flight 
EFT Files Test 
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CEM ACA/ECP 


5015 


106-186 8-10118 
106-192 
106-207 8 


106-212 


106-217 
106-230 
106-215 


106-256 


106-261 


ы 


ТИ. 
T0088 
T0063 
70090 
T0037 
T0073 


T0059 


T0039 


TOO16 


8 


Q 


с=т= oes — “amam erasa 


8-22 
8-93 1 


5, T 
8-2% Зет, 9-12 


з 3» 5-7 


8-20 #1, 2 


8-21 #1, 3, 4 
8-22 42-4, 6 


6-22 $3 

6-24 43-9, 12 
8-21 #5, 8 

8-21 21, 3, 4 
8-22 2-6 

8-21. фа 

8-22 1, 5-1 
8-23 #1, 5, 7 

10 و9 7 


۵-2 
8-27 $8, 3, 5-8 


8-21. {3 
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ENCLOSURE (A) 


"НОТЕ: These items have complete flight test effectivities cancelled. 


CONVAIR 
San Diego 


_СЕМ_ 

106-302 
106-303 
106-312 


106-313 


106-315 


106-343 
106-362 
106-391 


106-108 


106-535 
106-4, 


106-147 
106-6} 
106-175 
106-480 


7۷ہ 
8-10338 


8-10339 
6-7 


8-710351 


8-7036 


8-10316 
8-02 


8-704 
4163 


8-۲068 


8-7065 
8-10525 


8-T05h2 
8-70540 
1125 

52 


T0070 


T0137 


T0022 
T0072 
T0038 


тоо 


TOOLS 
70075 


T0029 
70032 
T0010 


T0033 


8-23 72-7 
8-24 15.6 
8-27 ín, à 
8-21 2 

8-22 Fl, 5-1 
8-22 #11 
8-23 #1-7 
8.21 #1,-6 
8-22 #6 

8-22 46 


8-21 #2 8-23 #6 
8.22 #1, 3 


8-23 #1 


8-21 #2 


8-21 ал 


8-22 #1-7 
8-23 71-7 
8-21 11-3 
8-23 44-6 
8.21 پل‎ 
8-22 311 
8-23 16 
8-23 43 
8-22 #3 
8-22 45 
8.21 ўї 
8-22 7٦ 
8.235 #1 
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REMARKS 


ж 


* 


« 


*NOTE: These items have complete flight test effectivities cancelled. 


CONVAIR 
San Diego 


SE. АСАЈЕСР 


106-511 


106-524 
106-520 
106-523 
106-552 


106-580 


106-632 


206-61 


106-645 
1063 
106-656 


106-662 
206-668 
106-669 
106-678 


8-42 


843183 
8=70620 
8-10589 
6-0 


8-10683 


8-87 


8-10183 


8-10158 


8-710681 


9-107191 


8.10822 
8-10819 
8-۲087 
8-10871. 


- 


20052 


T0052 


10085 


70027 


10103 


10086 


TOODT 
10119 
۵ 
т0116 


DELETE 
8.21, Fi 
8-22 1-1 
8-23 با تا‎ 


8-21, [2m 3; 4 


8-21 #1, 3, Y 


8-20 #1, 2 
8-21. 41-4 


8-27 48, 3 


8-21 (8-4 
8-22 #1, 2, 4-6 
8.23 а. 
8-27 42-8 


+ و 3 1 8.21 


8-23 Fh, 6 
8.2) 1, 8 


8-23 #5, T 
8-23 1/6 
8.22 45 
8.22 1 


1 »2 6-23 
9-12 ,3-1 و 8-2 


$ EFT -P/F -1064/80 
31 January 1958 
ENCLOSURE (A) 
Page 3 
ADD REMARKS 
% 
% 
+ 
8-20 41, 2 
+ 
* 
8-22 6 
8-2), 8 
8-22 4 


SNOTE: These items have complete flight test effectivities 0 


СОНУАТЕ 
San Diego 


CEM 
106-680 


206-683 


106-686 


106-690 | 


106-69: 
106-701 


106-709 . 


106-716 
106-717 
106-718 
106-727 
106-729 


106-730 
106-132 
2106-13 


106-747 


ACA/ ECE 
8-70893 


8.70904 


8.70908 


210953 


8-710987 
8.10986 
8-70970 


8-1099% 


Q 


TO106 


T-107 


TO108 


10139 
T0130 
10131 
70133 


10143 


10126 


8-22 #3 


8-2% 7 
8-27 #2, 3, 5-0 


8-21 2 

8-22 #1, 5-1 
8-23 14, 4, 5, 7 
8-21 {3 

8.21 Lely 


8-22 7 
8-23 71-7 


8-21 41-12 


8-21 #1.-8 

8-23 {6 

| 8-21 #3 
8.23 #6 


8-22 {3 


8-21 а, 3 8-22 $3 


8-23 26 
8-23 6 
8-23 6 
8-23 #6 
888 А 

8-21 #3 
8-22 #3 


8-23. 
8.24 


8-23 6 


8-24 49-12 


EFT P/F «106A, و‎ 
31 January 8 
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8-21 41, 3 Part I is development ACA 
Production Change 


| «NOTE: These items have complete flight test effectivities cancelled. 
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CEM 
106-751 


106-758 


106-160 


106-772 
106-T79 
106-785 


106-792 
106-525 


ACA/ECP 


8-71008 


8-71.007 


8-T100h 


8.71022 
871038 
8-710h2 


8-11053 
4131 


Q 


TII 


TO126 


Ро 


TO150 


0155 
TO161 
TO162 


TO156 
70055 


О) EFT-P/F-106A/840 
31 Jamary 1958 
ENCLOSURE (A) 
Page 5 
DELETE ADD REMARKS 
8-23 16 ` 
8-21, #8 
8-24 15-9 ы 
8-27 #7, 8 
8-23 + 
8.24 #8 
8-23 #5, T | 
8-23 6 
8-22 #1, 3 
8-23 #1, 6 
-2 28 
8-23 6 
8.22 #3 


*NOTE: These items have complete flight test effectivities cancelled. 


[Д | Minutes of 
ED 2 | Convair ~ Hughes Project 
Goowmlination Meeting 


Tuesday, Jan, 28, 1958 


San Diego, California 


Attendance: Hughes Convair 


38 Ч. T. Eicher То Es Otten 
Be Е. Turner Deo С. Worden 
| # с. C. Le Grand Wo T, Dorrance ! 
| C. A. Me Daniel R, Strayer for Ge E. Putness и” 
' J. G, Bratton G. Vetter for R. Stewart 
De Js Comstock б. A. Calvert 
Re Co Whipple Me Rs Ubben 
G. J. Ме Bride В. Е. Lowry 


* Absent 


Prepared 556% 2 Z 


CONFIDENTIAL 


CONVAIR = San Niego 


A. Contracts and Proposals 


1. МА-1(30) Convair ECP 4173 = Hughes hes not received A.F. authorization. 
However, both Convair and Hughes are proceeding to the target of May 
"59" black box availability to support Aug. "59" A/C delivery. 


Convair presented the following listing as their understanding of F-106A 
improvement changes and gchedule availability. 


| Item Box A/C 

Availability _ Delivery 
ho" Dish May "59" Aug. "59" 

Silent Lobing ۳ " 

Rendon FRF " n 

: В. Fo Tuning К Xx 
Anti Chaff Весо "59". „Маг, "60" 

/ Angle Ranging 5 Ч 

| Inertial Navigation " " 

Transistorized Computer М 7 


: MOPA Provisions 

SS IR Augnentation 

| GAR 3¥ Provisions 

| 7 Time Division Date. 5 Ы 

Summary of discussion of above listing is thet both Hughes & Convair vill 

work to. incorporate on Aug. delivery A/C, the first two itane (40" dish 

and silent 100106) with space and certain structural provisions for all 

| remaining items. Jt was agreed that 40" along with silent lobing is the 
main improvement. B. E. Turner will submit a letter to L. E. Ottem state 
ing Hughes position, prior to the 1 Feb. joint presentation to the Air 
Force. It vas also agreed that along with the 50" configuration, the aire - 
frame should incorporate cooling compstibllity to 811 items and the power 
supply change (transformer rectifier) if at all possible. 


Hughes agreed to Convair'’s need of an extra ВО" antenna but did not feel 
they can support to Conveir's need date, due to delay іп A-F. coverage. 
Further consideration and follov up should be made on this iten. 


2. Fel06C Status = Conveir Operations Analysis Group is working on a presente 
ation study of this configuration. This version will be в twoeplace sima 


Q craft. Convair indicated this configuration is bound to come and certain 
К Air Foxce sections have been talking up this type. Convair has been ree 
Жа quested to give this presentation to the Air Force scheduled during the 
' week of 10 Feb. Convair will include the P. D. in this configuration. 
IN СУ would require a 7 mo. R & D program prior to estimated Sept. go-ahead. 
M This would support Nov. "60" A/C delivery, followed by a 2 year develop» 


nent program with build up in late 1962. Hughes concurrence as to P. D. 
avallability to moet above schedue was requested. НАС will check and 
notify CV by 31 Jen. (B. E. Turner to L. E. Ottem). 


җыл 


CONFIDENTIA 
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CONFIDENTIAL 


CONVAIR = San Diego | 


> 2 a 


Review of Major ECP's < Effectivii 


ar 
جج سکف‎ в 


а. Collins Instr. (cv ECP را‎ яс ECP 1030) ~ CV indicate that their 


WSPO is moving out to approve ECP 412) which would incorporate Collins 
instr. lst tactical up to ARDC instr. incorporation. Hughes stated 
that discussion with their A.F. people indicated the A.F. will not 
approve Collings instr. HAC was requested to submit "ballpark" estimate 
on this change but to hold up on ECP submittal, CV/HAC will follow-up 
for firm A.F. direction. 


be ARDC Cockpit (CV BCP 1117) = HAC has received initial CCN coverage 


and is going ahead. Тһе А.Р. 18 now processing CCN coverage for develope 
ment and implementation. A later CCN will be required for production 
systems & effectivity. HAC stated that certain test equipment vill be 
changed, mainly the test equipment for stable platform & CN&L. New 

test equipment would require 16-18 mo. lead time, however, HAC indicated 
that early support could be made thru use of а cockpit test stand and 
temporary hookup arrangements. Convair 16 submitting CP) for two efe ` 
fectivity plans. One being to incorporate Фищ А/С = on and the second 
for a phase - in program. 


c. Ризі Transfer System (CV 4144/HAC 1029)» Convair's ECP is going thru 


АЕ. With final approval expected 1/28. Hughes is studying the effect 
on the МА-1 system. Hughes indicated that the! present system with the 
"A" computer may only require minor change. Major change to computer 
would be in the he "B" configuration which HAC could incorporate without 
schedule slippage. Уп relation to HAC flt. test program, CV could give 
a manual transfer system kit (InterimFix) immediately, and suggested 
that HAC, 17 possible, vait until Sept. (after verification) for pro- 
duction change. The production change would require the aircraft to 
be laid up for approx. 3 weeks. Hughes will study this and notify CV. 


d. UNF Readout (CV BCP 4074) - Hughes is attempting to incorporate external 
box changes in production system #1 = on. HAC ECP number will be estsblish- 
ead in the near future. This will include necessary changes within the box 
to drive the А.Р. readout unite 


e. Gg С 9 = Status of Hughes change is same as last meet 
ing - No progress 18 being made until А.Р. approval of ECP. 


Contract Coordination of ECP = Main problem of efficient coordination seams 

to result from Convair initiated changes. Convair vill appoint a man to 
coordinate and follow-up on CV initiated chenge within CV and also with Hughes 
in relation to engineering information. СУ Contracts will notify Hughes of 

& change immediately after Change Boerd effectivity has been established. 
Hughes will establish a flow time schedule immediately after being notified. 


| Requirements - A/C 454, 351 & 463 - Convair Contracts will request 
Ao Fe approve . for no forma Aol buyeoff during А.Р. acceptance of these 
АЈС. Convair to expedite this request. 


NTIAL 


CONFIDE 


а 


2. 


з. Convair and Hughes met on Jan 23rd to review remaining problems. 
Ав a result of this meeting a letter із being sent by HAC to the 
Falcon Project Office with recommendations for approval of Hughes 
BCP (GAR 314) ; 0004. 


b. Convair will furnish Hughes copies of a letter to their Project 
Office requesting ап instrumented missile for A/C No. 232. Hughes 
will inform Conveir if Hughes cen proceed on the submittal of a 
proposal for such an instrumented missile. 


Pease II Panel ARDC Cockpit 


ёс. Status of design configuration was covered under item A3b under 


"Contracts". 


b. Support for the ARDC cockpit is covered by item E.3 under "Support", 


3° Antenna, 10 inch, Convair ECP 5173 


в. The extent of Hughes support for initial CV design for installation 
of the antenna has been limited due to the MA-1 production schedule 
at Culver City. Prototype aircraft nose configuration will be соще 
pleted this week and Convair hope: that minimum changes will be res 
quired to basic lines of the prototype and for the production atre 
framo пове. Hughes indicated that personnel to review the layout 
could visit Sen Diego during the first waek of February. Hughes 
suggested a study be made by HAC/CV for the best Location and methods 
for insti. of МА-1/10 equipment. Programming of Д/С 240, containing 
this equipment vill be added to the next agenda. НАС has not yet 
requested А.Е: for an additional test ۰ 


Strike camera requirements were received from Hughes. However the 
desired location cannot be provided and CV has proposed “wing-root” 
camera locations and requested carly Hughes reply. 


Hughes furnished Convair with the name of McDonald for в compatible launcher 
plug and CV will request procurement of one for investigation.’ If proved 
satisfactory CV vill initiate production order. 


МА-1 Generator 


а. Design Compatibility - CV/HAC Engineers met on 27 Jan. and prepared 
& list of „Ивадахоту requirements for generators before installation 
on F-106As", Hughes has indications that the А.Р. will grant a waiver 


+: СУ. INFIDENTIDL 


CONVAIR = San Diego 
| «2 ћ сэ 


of life requirement if bearing lube hole is sealed to meet Sundetrand 
drive requirements. if granted, Hughes will plug lube oil hole, "One 

end up" on Prod. units. Hughes have borrowed gears anû gear installation 
toole (Jen. 27) and plan to install gears "one and up" (Prod. ). Steel 
cases have been orüered and early (if not Prod. 1 & up) incorporation is 
planned. Тһе problem of purge air leakage end purge air pressure have not 
been fully resolved. Hughes and Convair are working together on this 
problem. Hughes will keep Convair Engineering and CV Project Office aware 
of delivered prod. configuration and field retrofit action planned for 
STQ and Prod. 


| Convair о Palmdale will require а set of generators for A/C installation 
| in 3 бо weeks (or Feb. 18-25th). 


Tt was noted thet a number of J & H Quality Control pr blens have been 
resolved and improved performance is anticipated. 


bo Long Life Generator De velopment = Hughes has had under study three 
| designs; these are: 


жы Jack and Heintz Improvement, G. E. brushless machine and Aero-Jet 

| Gensral (Becky). Models are in the lab at Hughes but the Air Force 
| are not prepared to give Hughes "go-ahead" for additional development 
| until the present J & H machine has completed tests. Hughes has ree 
| cently asked the three vendors for up-to-date proposals. 


Optimum Loading, GAR-l-Y end = A СУ/НАС meeting on this item has not 

been “held aad Hughes is not as PM prepared to make fina recommendations. 
7 The А.Р. F-106 WSPO have asked Convair to furnish them with maximun Load- 
| ing of Мбеја and GAR-3Ys. It was believed that the request meant maximun 


loading of бАВ-38, GAR-j¥s with interim space for the MB-le 


7. Modification of А/С 1799 « Modified doors for this A/C will be 
required and 


early coverage wil be needed to meet schedules. Convair 
requested that Hughes submit a work statement ав soon ss possible. Myr. 
Stoolman is the Hughes Proj. Mgr. for the GAR-lY & ЗҮ progrems. The 
number of missiles for which provisions. vin be made has not as yet been 
determined o 


Flight Test 


2 2 4 zw 27 AAD Fro ‚ = Hughes needs overtime coverage from Convair for period follow- 
-p ing 26 Jan. Convair will expedite coverage. Hughes will submit contract 

fet wind proposal to CV during the week of № Feb. This proposal will include СУ 

сагай са support at Culver City and Hughes back up support while A/C are at Holloman. 


A Ze: Revised availability schedules for НАС requested flight - Conveir will 
ы 77 ty in approx, two weeks. 


"7 — EP AE расста ×× دہ‎ аЗ a core aa سے‎ ea er 
! 


submit a revised schedule of data &vailaoilit 


NTIAL 


| CONVAIR = San Diego we 


Weight & Balance Consideration during Fli 


consideration during Flight Test = Hughes/CV personnel 
will get together to discuss Чета де of ballast Considerations.  Hugbes 
Vill notify Model 8 Project Office (В. E. Lowry) as to time and place. 


Status of Refrigeration by-pass chee tc HAC A/C 
effect on Fligh? testing - Also Hughes vill investigate the possibility 
of obtaining Air Force acceptance without this change installed. Peul 
Norscll (HAC) will notify CY Project Office of study results by Friday 
31 Jan. 


‘ration by-pass chee 


qe و‎ [кгр] و‎ 


HAC A/C = Hughes 16 checking 


D. Schedules: 


1. A/C h5h delivered to Palmdale Jen. 27th 
` A/C 457 planned for del. to Palmdale Jan 3186. (Sell off expected in March) 


8, A/C 464 expected now, April 15 sell-off. 


А/С 465 expected nov, April 30 sell-off. 


Go Calvert vill furnish Hughes with A/C del. estimates so that HAC field 
personnel planning can be scheduled to meet current support requirements o 


3» МАе1 Schedule Status 


а. ОРО systems are now at Palmdale for installation in 454, №57 etc ? 
except for СМ .. 


b. The CNEL equipment is a HAC"ship short" iten out will be at Palmdale 
to support A/C №5. 


ce First production system is to be shipped the last of January o 
d. General Comments: 


ЭТО System Wo. 10 for installation in А/С 463 18 working well on the 

roof house st Hughes. ` Problem areas include the"fading"of drum heads T 
| өмд quality control of certain Р.О.У. items such as the Air Data Cane 
| puter and the communication equipment. Recent units show great ime 

provement but day to day followeup on а number of items continues. 


CICI for A/C #229 = Plans must be made now for the CICI (Contractor Tech. 
Compliance Inspection) on А/С 229 scheduled for April 1958. G. Calvert 
end C. McBride will provide for CV/HAC Coordination on this program. 


В. Support 

1. Status of test and ground support equipment delivery. = A meeting vas held 
at Convair-Paimdale on О Jan. 1958 to review МА-1 Training of Convair pare 
sonnel at Palmdale. The following delivery information was verbally furnieh- 
ed by Hughes. 


ao МА-1 STQ 728 = March 1958 delivery 
МА Prod Systems - l in July, 1 in August 


NFIDENTIAL 
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CONVAIR = баа Diego = 6 = 


bo МА-1 Test Stands, 

1 on AF33(600)32036, 1 in June 1958 

Seven оп Convair Р.0., 1 in April 1958 
1 in May 1958 
1 in June 1958 
1 in July 1958 
2 in Aug. 1950 
1 in Sept. 1958 


The Hughes letter to confirm this information and provide pricing 
лев been delayed and is to be transmitted in the near future. 


Four factory test positions for production systems are planned. 
Two of these will be modified from STQ test positions. 


2. Tainig 


Convair will start MA-l training аз Pelmdale on Feb. 18th. Convair реге 
sonnel from Holloman AFB and Edwards AFB will also train at Palmdale. For 
this reason a Hughes proposal for sdditional Convair personnel МА-1 train- 
ing may be canceled. 


Training of Convair personnel for MA-l test 7 is still planned 
and а proposal from Hughes 13 needed. 


3 


Convair requested that Hughes plan to support A/C "installation and checke 
out" of some X пишет of plenes incorporating this cockpit. This is to be 
cf similiar manner to the support provided on prior aircraft of the МА-1 


systens/"B" cockpit arangemant. 


Convair noted that thio type of support vould likewise be desired if the 
"Collins Instruments” are installed. 


722749 ^%: fate fe MIS with گر‎ Ж. њима То) cy fre уу Х- 
>f. 7 ہن‎ fale - аад prot haf- É- leet hat 
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Disculciono rerarding the 7-6۸ elector вр езі 423. ine. Legh program мете. 
held et VADO on 12-13 Іхсафог 1957 be | о Мета? | 
laboratory tút g. D. Loos of Соли thier да Plack, rod ani V. Hs Bond, 
Convey particiontad in part of these 01006040865 The p куове of this 

uo 10 to nrobent thé results оба бололцоо 6 ef these с 12400581 08: вой 
what action hab been taken or ig рісцаса to cover ове (840086 
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A Division of General Dynamåcs Corporation 
(San Diego) 


Distribution 


Subjects: Convair AAD Meeting 


EFT-P/106A/811. 
16 January 1958 
Index: ћо0ћ, 


Ro W, Mullis/E. J. Guske, Engineering Flight Test Planning 


А mesting will be held at 9 АМ, 22 January 1958 in conference rooms A & B 
at San Diego to firm up the Convair position on the AAD program. Those 
inputs that are within the frame work of the current AAD joint planning 
will be incorporated in the final form of Z0-8-630 which will be submitted 


. to the ۰ 


Those inputs not within the frame work of current joint pian= 


ning will be referred to Convair?s Joint Staff member, В. Streed, for 
nogotiation at the next joint meeting. l 


Representation from the following groups are requested: Model 8 P/O, 
Department 313, EFT Operation Support, WDDG (design groups coordinator) Д 
WSIG (technical groups coordinator) and Dynamics. x 


RWMcEJGsele 


ccs 


с. Е. Putness 

К, E, Strayer 

R. G, MeGeary/E., р, Havens 
Ro Streed 

G. W, Hofelier 

We B. Pieper 

М. Kantom/D, Mancuso 

W, A, Pickens 

Е. Je Michael 

Le 1: Estep/R. Ч, Mullis 
EFT File 

M, Dublin 


/ 


Prepsred by. ud m udis. 
Ro We Mullis 


Approved by | сы fare НИН 
Е. АД Guoke 
Assistant Flight Test Group Engineer 


ыг 9 - 1 
i : : ү | YT A 
low, го U UN 5 : и: 


CONVAIR 
ال‎ 7 (A Division of General Dynamics Corporation) | 
41758 vl 
[i і | : ممم لے‎ 


то: р, Н, =“ Frick 


FROM: 


SUBJECT: Meeting held 10 January c boatteil and 


base drag evaluation on the Рај 


Meeting attended by: 

Е. Ro Heyner Aorodynenics mac dee 
N. R. O'Brien nii. | EFT Planning 
J. B. Loos . Thermodynamics ЕРТ Analysis 
Ч. Созец ü 


The meeting vas called to clarify the responsibilities concerning the base 


and boattaLl area of the F-106A. 


Fran this meeting a plan was 1814 out that will enable Aero, Thermo апа. 


_ EFT to investigate this area in 4 logical manner and arrive at an optimm 


configuration. 


1. 


2۰ 


3% 


h. 


5. 


6. 


The A/C must continue to fly for ejector. evaluation. This 
required ejector instrumentation, therefore boattail. pressures 
cannot be obtained at the вата time du» to limited instrumentation 
channsls. 


After completion of the ejector evaluation boatteil, base end 
external ejector prossuros will be obtained. Drag will bo deter- 
mined fron this data. 


Removal of five inches of boattall 5421 then be accomplished enä 
data obtained and compared with #2. 


If a drag reduction is 8 from #3, removal of additional 
boatteil will be accomplished and deta obtained. 


Cutting back on the boatteil ів indicated by flight test data 
as desired direction to go. When an 11” Feiring was sided the data 
indicates that the drag increased approximately 400 pounds. 


А refaired teil cone vill then be tested with. instrumentation 
installed ах the same Location as the present tail cons. 


CONVAIR Ф! 
(A nbc of General Dynemics Corporation) 


San Diego 


Page 2 
"d Januery 1958 


7, The work task was вагова upon and 18 as follows: 


Ac 


С. 


De 


—————— А ا یک‎ 
of the different configurations. Aoro end Thermo to assist. 


Aero to obtain boatteil projected area Рог each pressure 
pickup. 


"8 А 
Brea of CJOCUOT for алап یق‎ pickup, В & C to be 


` &ceamplished by 2 Feb 1958. 
FTR to be submitted by Aero. 


8. ‘his sequence of testing appears to fit in well with the present 

. program as now planned for Л/С 152. It also eppears to fit in 
with the present hardware date (estimated for late Feb.) for the 
gloved taileone. 


Droege/Aiken 


F. В. Hoyner 
Aerodynamics 


Aero 


Thermo 
EFT 


Planning 
Helstein, Kuhns/Whitley EFT Analysis 


‚ Jo He Hood 


Propulsion 


| deem = А DÇ sion of 9 арға Dynamics om 
| 0 | (San Diego) 
| | ДУ | In reply refer to: 
| ` Elec 2-511 EFK:bbg 
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MEMO TO: C, B, King Senior Design Group Engineer 
4199 


FROM: Е. P. Kotnik ~ Design Specialist ж 
SUBJECT: MG-10/Fl02A AC Power System Meeting at Convair 6 s 1958. 


Persopnel_In Attendance 
С. В. King = Electrical R. We Michalson сэ Flight Test, 
В. В. Shaffer e Electrical D, Ко Maglin => Flight Test 
R. А. Bohler = Electrical W. Daniels = F102 0 
E, F, Kotnik = Electrical R. C. Harris = Electronics 
С. М. Davia > Electrical E. 5. Soltess = Electronics 
M, I, Edelstein = Flight Test P. W. Blake = Customer Service 


1, Purpose: To review the otatus of tho Tyndall and Duluth Flight Test 
Program and define areas of further action, | 


2. Aa a result of preliminary analysis of Flight Tests at Tyndall and 
Summary report from SAAMA on investigations of А.С. syatem components 
the following conclusions wire -reacheds 


A. The Mi-10/?102A electric power when operating normally will: 0981 
sussessfully as а system, (Reference, preliminary flight test report 
from Tyndall Air Force Вава, 18 December 1957). 


B, The SAAMA F102 A.C. power system summary report verifies satisfactory 
operation of a normal A.C. power system and establishes areas of action 
necessary to improve eysten reliability. 


0, The Duluth portion of the original flight test program wes. cancelled 
as a result of available information obtained in (A) and (B) above, 


3. Astion Required, 


Ао Remove wiring and shunts from А/С 55-3362 at Duluth, Wiring to be. 
scrapped and shunts returned to L, Hols for inclusion with other . 
instrumentation equipment for San Diego. 

This will be accomplished by USAF ав поврат by Lt. H, Lunsford 
of Tyndall. Flight Test Squadron. e 


B, Instrumentation equipment to bo returned to San Diego by F. 8. Е. 
L. Hols of Duluth per ‘Instrumentation. Gfoup instructions, 
Instrumentation Group to coordinate this action through Customer 
Service (и. Р, Chana / Р, Ч, Blake). 


со: 


О ава 


Elec 2-511 EFK:bbg 


14 January 1958 


С. Tyndall ossillographic traces are to notated by the Instrumentation 
Group, After notations are incorporated the traces will bo reviewed 
jointly by the Instrumentation and Electrical Design Group to detere 
nine degree of date reduction that will be necessary for report 
purposes, Instrumentation Group to provide support for data reduction 
from traces for incorporation into a final report to USAF an Н.А.С. 


D, Electrical Section to coordinate and prepare final report for sub= 
mittal to USAF, 


Design Specialist | 
Electrical Design Group 


Attendees 

We Р, Ghana 
О. Ч. Rarpor 
R, Р, White 
P. D. Forrara 
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CONFIDENTIAL 


To: L. E. Ottem, F-106 Sr. Project Engineer 
From: R. Krava/Flight Test, A. Dutky/Thermodynanics ш RECEIVED 


Compatibility and Flight Test Program. (With revision рег HAWN Ù 12. ' 
#4100.10-122) | 


MGR | 
Attendance: 203 < 


The following personnel attended the subject conference held at HAC on 
October 2, 1957: 


Convair | Hughes 
R. A. Krava, Flt. Test C. Stensgaard, Aero Е. C. Alford, Flt. Test 
R. M. Wright, Flt. Test R. Greif, Aero J. B. Roberts, Armament Engr. 
A. Dutky, Thermo R. Hering, Aero ‚А. J. Curtis, SE/GML 

| С. MoBride, МА-] Coordinator 
INTRODUCTION: 


| This conference was held to establish the Joint CV/HAC engineering require - 
ments for demonstration of missile/aircraft thermal compatibility. The scope of 
the meeting extended from a definition of the term "compatibility" and the need 
for a flight test program for its demonstration, to the details of such a program. 


50 Ү: 
А. А flight test of the combined missile/aircreft system is required to 
demonstrate the weapons system ultimate capability as regards thermal 
compatibility of missile and aircraft. 


B. Funding of the missile procurement and instrumentation is required, but 
is outside the responsibility of this group. 


C. Convair and HAC are agreed on the objectives and the major details of 
the flight test program. 


DISCUSSION: 


GAR-3/4 missiles shall be considered to be thermally compatible with the 
F-106A gfperaft if the missile bay environment, during "normal operation", 18 
such as to maintain the temperature sensitive components of the missile with- 
in "specified limits". 
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1. Normal Operation. Normal operation is defined as excluding the 
following: | 
Misfires 
Hangf ires 
Operation of aircraft outside design limits 
Missile temperatures at take-off outside the range ОЕ ~ 1002Е, 


2, Specified Limits. Current specified limits of missile componente 
are listed in Hughes letter to Convair 4114.2-385, dated 27 June 1957, 
and will be brought up to date as new information becomes available. 


В. Кеавопв for Needing в Flight-Tegt Progrgm. 


A flight test program is required for demonstrations of thermal compat- 
ibility of the combined aircraft/missile system because: 


1, Тһе F-106A missile bay environment is calculated from Р-102А 
missile bay data and 18 not accurately determined. 
Ж from GAR 1 & 2 information and. are not accurately determined. 


3. Some of the missile components will, if outside their temperature 
limits, constitute a flight safety hazard. 


4. Other missile components will, if outside their temperature limite, 
cause degradation of missile performancë., 


C. Flight Test Requirements, 
Ls Aircraft. 


| 
2. The GAR 3, 4 missile thermal characteristics are extrapolated 


A production configuration F-106A aircraft with operative МА-1 
system із required for this test. Aircraft S/N 57-232 ів presently 
assigned this task and will be instrumented for it. 


2. Missile. 


a. Production type GAR 3 & 4 missiles (post lot #19-1/2)* are 
required for this program. Missiles should be instrumented as 
required under paragraph Ё., 3., and must have explosive elementa 
replaced by inert substitutes. 


b.  Inetrumented missiles must be available by 1 May 1958 and 
through 1 December 1958 to be compatible with F-1064, S/N 232. 


modified by HAC in later phone calle. 


T" * Note: "Post lot 19-1/2" was originally specified as "post lot 16", but was x 
! 


ANALYSIS E CONVAIR سے‎ PAGE 3 


PREPARED BY Doo mume roser кіңтміна ام‎ REPORT NO. 
CHECKED BY SAN DIEGO MODEL 
REVISED BY DATE 10-15-57 


CONFIDENTIAL 


3. Test Conditions, 
а. General 


The flight profiles required are long duration (except Vmax) 
constant condition flights as specified in A/C 57-232 test program. 


1) Missile extension into free stream is required to evaluate 
rocket engine overtemperature hazard during manual mode of 
operation. 


2) А "hybid" GAR 3, 4 missile as specified in D.,2.,a.,2) 
below could be utilized for this program. 


Note: HAC has agreed that GAR 4 guidanoe unit date will 
suffice for evaluation of GAR 3 guidance unit. 


| 1. General. 


а. This entire flight test program is predicated on the use of 
А/С S/N 57-232, 


b. The problem of funding this program is outside tbe scope of 
this meeting and ів a proper subject for managment decision. 


Funding Requiremente,‏ و2 
a. Missile Procurement Possibilities.‏ 


1) New GAR 3 & GAR 4 production type, post lot 19-1/2, 
| missile allocation from Air Force. 


2) Hybrid production type post lot 19-1/2 missiles such as 

a GAR 3 missile equipped with a GAR 4 guidance unit, or a 
GAR 4 missile equipped with a GAR 3 converter unit would 
saffice for this test. “Hybridization” would be accomplished 
by HAC at Culver City. | 


3) HAC to loan CV GAR 4 misaile (presently allccated to 
Systems Engr. Dept.) for 6 months period. 
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b. Missile Instrumentation. 


Funding will-be required for instrumentations of test missile(a) 
per paragraph 2.,3. 


c. Missile Support During Test, 
1) Field Support 


No missile field support is required except ав neaessary 
to determine that missiie is functioning properly. 


2) Culver City 


Malfunction of missile componente or instrumentation will 
be supported at Culver City. 


3) Spare perts are required. 
Test Details, 


1. Іп general this paragraph contains the engineering details agreed 
to by 0۷ & HAC relative to flight test program. As etated in paragraph 
D. this test program is based on using F-106A S/N 57-232. This air- 
oraft will be based at EAFB beginning 1 June 1958 for a period of six 
(6) months. It is presently planned by Convair Thermodynamics and 
Flight Tast Groups to test the instrumented missile in the Convair 
electronic cooling test stand during the month of May. Following the 
month in the test. stand, the missile would be shipped to БАГВ for 
installation in aircraft S/N 57-232 for five (5) months of flight 
testing. 


2. The presently planned flight test program on S/N 57-232 would not 
have to be modified to accommodate this program. The instrumented 
missile tests would be run in conjunction with the missile bay environ- 
ment test on a ride along basis. 


3. The дета өй instrumentation locations for the missile аге as 
follows: 


Unit Temperature Plok-up Locatio 
a. Guidance ТК cell. gyro (GAR 4) 
b. Guidance Fluid behind gyro (GAR 4) 
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ё с. Converter Klystron 
d. Electronico Printed cireuitry board 6, conter of 
motal board 
в. Electronios Printed circuitry board 3, on square 
| | transformer 
| f. Power supply Side ETO tank 
۱ g. ECU Bulkhead 
h, Servopositioner Internal 
| 1. Warhead Under threads in inert warhead material 
4. Wiring harness Resistor 
k, Angular rate sensor Internal 
l. Rocket engine Motor casa, aft 
m, Rocket engine Motor case, fwd. 
n, Rocket engine Igniter 
o, Skin Center of electronics unit on side 


4. These inotrument locations will be commutated at a rate of one 
sample every two seoonds and recorded on the Convair supplied tele- 
metering recording system. These measurements will Бе recorded 
through the range of -40°F to 425098, The number of measurements is 
limited to the number indicated by the airborne recording system 
capabilitise, but the number recorded шау be reduced after analysis 
| of data indicates some are not critical. 


5. If HAC instruments а missile for Convair they will provide the 
nacassary wiring diagrams and schematic for hookup and datu identi- 
fication. 


6. The final data will be presented to HAC as corrected time histories. 


INFORMATION TO BE DETERMINED: 
A. GAR 4 Temperature Limits. 
GAR 4 temperature limits vs altitude are to be transmitted to СУ by 


HAC as soon as available. Thermal compatibility of the GAR 4 missile 
cannot be verified until these are specified. 


4 Modifications 


During extension for launch, power is supplied to missile which may 
damage missile components due to teat rapetition: HAC will investigate 
modification requirements to prevent damage, and will notify CV at earliest 
opportunity. ۹ | 
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с. 


НАС will Investigate flight destructor. temperature limits and time 
constant to raduoe present major thooretiosl incompatibility, and present 
data to CV. 


COMMENDATIONS 


| А, Flight test program should be run on A/C 57-232 with instrumented GAR 
3, 4 missile in missile бау. 


B. A hybrid ОРТИГА typo post lot 19-1/2 missile (consisting of a GAR 
3 missile pius а GAR А guidance unit or a GAR 4 missile plus а GAR 3 oon- 
verter unit) is the minimum missile allotment required. The choice of the 
GAR 3 or GAR 4 is allowed to ease procurement. 


C. Missile should be instrumented as specified in detail herein. 


| 
| 
| І 
Distribution: 
C. E. Chapman 
R. E. Lowry 
| D. C. Worden 
| . R, E. Strayer" 
J. E, Lampman 
| Air Conditioning 
„ Weapons Delivery/P. Brown 
| А. W. Kellogg 
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Subject: Hinge Moment Meeting held 3 иь C 


4 "AE T Distribution 
> | From: D. C Worden 


ENGR, 


# А a 
The following discussion evolved from the Rabe Е 


-| requested that responsible parties take expeditious ‘ai 


schedule completion of presentation material. 
1 


3o 


It vas agreed that only F-106A/B with ECP 414% incorporated be pre- 
sented at this time. Discussion regarding F-106A/B with hO" antenna 37 
will be delayed until early February. The material should te prepared 
on charts of approximately 20 x 30. Predesign requested to assist 
Dynamics in the reproduction of the charts. Additional data is je- 
quired over that available at this time: 


{a) The flight path for a recovery from a 159 dive with the recovery 
initiated at the critical altitude point. Curve to be based on 
@ single hydraulic system for the F-lOÓB. Any limitation or 
sefety aspects of the recovery will be identified. 
Aeroüynamics Group to prepare. 


(5) Analysis required for lowering the fuel transfer altitude down to 
10,000 feet. Present fuel transfer rate should be considered. It 
is denired. to move out on this change immediately, therefore, 
Aerodynamics and Dynamics are requested to complete their analysis 
at an early date. 


(c) Tactical considerations as result of hinge moment chart. Should 
consider both the high eltitude and low altitude portions. 
WSIG for action. 


(d) Comparison to be made to Р-100 limitations. Dynemics for action, 


(e) Statement should be prepared as to what would be put in Flight Handbook, 
Dynamics for action. 


(f) Chenges required to the specifications should be spelled out. 
Dynemics for ection. 


In eddition to the hinge moment discussion, the meeting will also cover 
roll moment не а on F-106A/B and lending 1024 factor on Р-1068, 
(8! рег second 


The date for the presentation is set for 16 Jenwary. A report, covering 
the hinge moment and roll stery will be foxwarded to the Air Forte through 
the Project Office on lO January. It io requested that the following 
people attend this meeting: 
Но VanDorn, Dynamics 


L. Clements, Structures 
WSIG Member, 1f required 
Do С. Nordea, Project Office 


Cantracts u M. Kantor/6-108 | 
Engrs Files Lambert,/ 5/6 -109 2 22 у A, 
Model 8 0 Le Clementa “143 ! 


8. Неаз/ 303 و‎ ©° Mohr/6-133 “ D. С. Worden 


R. Strayer/6-110 
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To: L. E. Ottem, F-106 Sr. Project Engineer 


' From: В. Kreva/Flight Test, А. Dutky/Thermodynamics 
NN Ne Я 
‚ Subject: Minutes of Joint CV/HAC Conferenoe Re. F-106A/GAR 3E өзі: 

| Compatibility and Flight Test Program. (With revision’ per 

| #4100. 10-122) М. 


Attendance: 


’ The following personnel attended the subject conference held at HAC оп 
Ootoben 7+ 


Conyair ` Hughes 

Н. А, Krava, Flt. Test С. Stensgaard, Aero Е. C. Alford, Flt. Test 

R. M. Wright, Flt. Test R, Greif, Aero J. B. Roberts, Armament Engr. 
A. Dutky, Thermo R. Hering, Aero A. J. Curtis, SE/GML 


C. McBride, МА-1 Coordinator 


| 
| 
“ INTRODUCTION: 


| This conference was held to establish the Joint CV/HAC engineering require - 
iments for demonstration of missile/aircraft thermal compatibility. The scope of 
the meeting extended from a definition of the term "compatibility" and the need 


for a flight test program for its demonstration, to the details of such a program. 
SUMMARY: 
A. A flight test of the combined missile/aircraft system is required to 


demonstrate the weapons system ultimate capability as regards thermal 
compatibility of missile and aircraft. 


B. Funding of the missile procurement and instrumentation is required, but 
4s outside the responsibility of this group. 


C. Convair and НАС are agreed on the objectives and the mejor details of 
the flight test program. 


GAR-3/4 missiles shall be considered to be thermally compatible with the 

F-106A adperaft if the missile bay environment, during "normal operation", ів 

such as to maintain the temperature sensitive components of the missile with- 

in "specified limite". 
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ibility of the combined &ircraft/missile system bécause: 


2. The GAR 3, 4 missile thermal characteristics are extrapolated 


А. Other missile components will, if outside their temperature limite, 


C. 


Ж Noto: "Post lot 19-1/2" was originally specified ав "post 10% 16", 
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1. Normal Operation. 
following: 


Misfires 

Hangfires | 

Operation of aircraft outside design limits 

Missile temperatures at take-off outside the range ООР ~ 1009F. 


Normal operation is defined as excluding the 


2. Specified Limits. Current specified limits of missile components 
are listed in Hughes letter to Convair 4114.2-385, dated 27 June 1957, 
and will be brought up to date as new information becomes available. 


‘A flight test program 18 required for demonstrations of thermal compat- 


1. Тһе Е-106А missile bay environment is caloulsted from Е-102А 
missile bay data and is not accurately determined. 


from GAR 1 & 2 information and are not accurately determined. 


3. “Some of the missile components will, if outside their temperature 
limits, constitute a flight safety hazard. 


cause degradation of missile performance, 


Flight Test Requirements, 
L. Airornft. 


aystem 1з 2 for this "test. | 
assigned this task and will be їг: for А: 


2, Missile. 


в. Production type GAR 3 & 4 missiles (post lot #19-1/2)* are 
required for this program. Missiles should be instrumented as 
required under paragraph E., 3., and must have explosive elements 
replaced by inert substitutes. 


b. Instrumented missiles must be available by 1 May 1958 and 
through 1 December 1958 to be compatible with F-106A, S/N 232. 


but was 


modified by HAC in later phone calls. 
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3. Test Conditions, 


a. General 


constant condition flighte as specified in A/C 57-232 test program. 


< CONVAIR ми PAGE 3 
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| 
| 
| ^ 
| The flight profiles required are 2 duration (except Vmax) 
| 
| b. Special. 

| | 

1) Missile extension into free stream із required to evaluate 
rocket engine overtemperature hazard during manual mode of 
operation. 


2) A shybid" GAR 3, 4 missile as specified in D.,2.,8.,2) 
below could be utilized for this program. 


Note: HAC has agreed that GAR 4 guidance unit data will 
| suffice for evaluation of GAR 3 guidance unit. 


| D. Funding, 
Ж | 


1, Generai. 


а. This entire flight test program 18 predicated on the use of 
A/G S/N 57-232. 


|. b. The problem of funding this program is outside tha scope of 
this meeting and is a proper subject for managment 46016108, 


2, Funding Requirements, 


a. Missile Procurement Possibilities. 


۳7 -— —— 


1) New GAR 3 6 GAR 4 production type, post lot 19-1/2, 
| |. missile allooatíon from Air ۰ 
| 
| 


2) Hybrid production type post lot 19-1/2 missiles such as 
| a GAR 3 missile equipped with a GAR 4 guidaree unit, or a 
| GAR 4 missile equipped with a GAR 3 converter unit vould 
| ‘gûffice for this test. "Hybridization" would be accomplished 
by HAC at Culver City, 


| 3) HAC to loan CV GAR 4 miseile (presently allocated to 
Systems Engr. Dept.) for 6 months period. 
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b. Missile Instrumentation. 


Funding will be required for inetrumentations of test missile(a) 
per paragraph Ё.,3. 


в. Missile Support During Test. 
1) Field Support 


No missile field support is required except as necessary 
to determine that missile is funetioning properly. 


2) Culver City 


Malfunction of missile oómponente or instrumentation will 
be supported at Culver City. 


3) Spare parts are required. 
last Details, 


l. In general this paragraph contains the engineering details agreed 
to by CV & HAC relative to flight test program. 48 stated in paragraph 
D. this test program is based on using Р-106А S/N 57-232. This air- 
craft will be based at БАРВ beginning 1 June 1958 for a period of віх 
(6) monthe. It is presently planned by Convair Theriodynaimios and 
Flight Test Groups to teet the instrumernted missile іп the Convair 
electronic cooling test stand during the month of May. Following the 
month in the test stand, the missile would be shipped to БАТВ for 
installation in alroraft S/N 57-232 for five (5) months of flight 
testing. 


2. The presently planned flight tost progrem on S/N 57-232 would not 
have to be modified to accommodate this program. The instrumented 
missile tests would be run in conjunction with the missile bay environ- 
ment test or a ride along basis. 


3. The detailed instrumentation locations for tha misaile are as 
follows: 


Unit * Temperature Pick-u catio 
a. Guidance IR cell gyro (GAR 4) 
b. Guidanos Fluid behind gyro (GAR 4) 
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c. Converter Klystron 

d. Electronics Printed cireuitry board 6, center of 
motal board 

е. Electronics Printed círcuitry board 3, on square 
transformer 

f. Power supply Side ETO tank 

g. ECU Bulkhead 

h, Servopositioner Internal 

i. Warhead Under threads in inert warhead material 

j. Wiring harness Resistor 

k. Apgular rete sengor Internal 

1, Rocket engine Motor casa, aft 

m. Rocket engine Motor case, fwd. 

n. Rocket engine Igniter 

o. Skin Center of electronics unit on side 


4. These instrument locations will be commutated at a rate of one 
sample every two seconds and recorded on the Convair supplied tele- 
metering recording system. These measurements will be recorded 
through the range of -40°F to +250°F. The number of measurements is 
limited to the number indicated by the airborne recording system 
capabilities, but the number recorded may be reduced after analysis 
of data indicates soma are not critical. 


5. If HAC instruments & missile for Convair they will provide the 
necessary wiring diagrams and schematic for hookup and data identi- 
fication. 


6. The final deta will be presented to НАС ав corrected time histories. 


"ORMATION TO БЕ DETERMINED: 


CAR 4 temperature limits vs altitude are to be transmitted to CV by 
НАС as soon as available. Thermal compatibility of the GAR 4 missile 
cannot ba verified until these are specified. 


During extension for launch, power is supplied to missila which may 
damage missile components due to test repetition: НАС will investigate 
nodifioation requirements іс prevent, damage, and will notify CV at earliest 
opportunity. 
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C. Flight Destructor Tempersture Limits. 


HAC will investigate flight destructor temperature limits and time 
constant io reduce present major theoretical incompatibility, and present 
| data to CV. 


| RECOMMENDATIONS ( JOINT): 


| A. Flight test program should be run on A/C 57-232 with instrumented GAR 
3, 4 missile in missile bay. 


| B. A hybrid production type post lót 19-1/2 missile (consisting of a GAR 
3 missile plus а GAR 4 guidance unit or а GAR 4 missile plus a САН 3 вов- 
verter unit) is the minimum missile allotment required. The choice of the 
GAR 3 or GAR 4 is allowed to ease procurement. 


C. Missile shovld be instrumented as specified in detail herein. 


ج- 
j Е | R. Krava; Flight Test‏ 


С. E. Chapman 
В. E. Lowry 
D. С. Worden 
‚В, E. Strayer 
J. E. Гашрмап 
Air Conditioning 
Weapons Delivery/P. Brown 
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| | 
The first YF-102A (Convair Model 8-90) airplane will be aerodynamically 


representative of the production F-102A (Convair Model 8-10). 


| 
On the basis of wind tunnel data, the following predictions are made: 


| А. Performance: "x 4 | 


| Speed and climb performance is summarized] оп pages 4 and 5 

| A combat ceiling" of 52,000 feet|and а maximum speed of 

| М = 1.18 at 35,000 feet ia predicted for the YF-102A with a gross 

| weight matching that of the F-102A production airplane (1.е., take- 
off gross weight = 28,145 lbs.). | 


| B. Stabi and Co : 


| 1, Nose gear lift-off speeds will be comparable to those of ths 
cambered wing YF-102's for similar loading relative to the 
main landing gear. 


| 2. Longitudinal stability and control T be comparable to YF-102 
a/c #7995 with extended nose and large fuselage fillet. Stick 

| position stability should extend to а! higher Mach number even 
at the higher altitudes (see page 9 ) but since the speed for 
best climb has increased there may not be much improvement in 

| this regard relative to the speed is isum climb. 

3. The lateral-directional stability characteristics of the model 
8-90 airplane will be compardble to the YF-102, with extended 
nose and large fuselage fillet (a/c 7995), at speeds below 
best climb. At supersonic speeds, the lateral and directional 
stability will be greater for the Р-102А as shown in page 11. 


* Altitude at which the maximum rate of climb is 500 ft./minute 


x 
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4-8-96 ‘< 
F-1 02 oh 
13 Bec. 195 


Geometric changes in the ۳-02۸ compared | the YF-102 which will 


| produce differences in stability and control are as follows: 


| (a) The vertical tail was shifted aft 8 inches relative to 


the wing. 


| (b) An increase in the basic fuselage overhang of 39.5 inches 
forward of the wing which added to the 48 inch radar nose 
| extension amounts to a total of 87.5 inches added to the 


| forward fuselage section. 


(c) An increase of 36.5 inches in rear fuselage extension rela- 


| tive to the wing trailing edge. 


| (4) А total fuselage length increase of 124 inches which resulta 
i in increased moments of inertia d the pitch and yaw axis. | 


۱ Items (a) and (b) are qualitatively compensating on their effect on 
directional stability as are items (b) and (c) on longitudinal 


stability. 


D. Dågcussion: 


411 data contained in this memo were ын from the following wind 


tunnel tests: 


OVAL 8 x 12 


1.56, 1.75 
and 1.86 
„6, ‚9, 1.2 
гап 1.90 


on the geometry of the plane wing: 


Wing area = 662 sq. ft. 
| МАС = 23.129 ft. 
Wing Span = 38.13 ft. 


| CONFIDENTIA 


| xot || June, Oct. 2954 
0.8 to 1.18 | МАРС 101 Dia. Oct. 8-22, 1954 


NOL 40 Cm x 40 Om BON May, June 1954 


Unless stated otherwise, all data contained in this memo are based 


| Mach Test Model Test 
2 №. Facility Scale | Date 


27.5% MAC (plane wing) unless as stated on 
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CONVAIR 
A Division of General Dynamics Corporation 
{San Diego) 


4 Jonunzy 1956 
Mr. Ralph Lo Bayless. 
Jo 3, Akagin 
Final Accident Report © 1۳۰202۸ Mrcraf%, Serial Noa 54-1355, 
(a) 


Authorization Lotter, Invootigation of TFolN2A, 5/1 5421355, 
Aeoidert, dated 19 October 1056, 


Preliminhry Accident Report  TIw102A, S/A! 5491355, dated 

19 Octoboe 1956, 

210578 and Tower Operator*g Resorts, 

Plot Plan of Landing BRon=sout, 

History of Fiipht. | | 

Таб» Statement, ТРе1094, S/T 54 1385, | 

Pilot Experienes Statomont, daten 19 Ostobor 1956, i 
Weight, and Palance Configuration for TFe102A, БЛ: 5451355, 
dated 23 Octobor 1956. "m | | 

Taxi and Flight Loading = ۳302۸. S/ti 5451355, dated 

14 September 1956. | | | 

Cuniity Control's Report of VLG S/N 30 (Menaseo 57110021028). 
Polndale Failure or TF«1024, 5/11 54-1355, dated 31 October 1956, 
with Photographie Enolosure of Four (4) Prints. 

Trip Report Ну Us Fo Chana, dated 26 October 1956, 

Trip Report by We Е, Chana, doted 30 October 1956, 


Сопого3, Views of Aiscrait, 7 Photographs. 
15211 Vicus of Adzcraft, 7 Photographe, 
Cockpit Views, 5 Photographs. | 

Runway Skid Marka Views, 4 Photographie. || 
Return of AirorafS to Hanger, 10 Photographs. 


Photographic Exclosurcs (1) through (5) aro the results of fujther inves- 
tigations Thesa supporting documents compose the final reporto 


^ 
? 
| Yolo 
E MU 
331300823. - 
Std. Dist. 
TSE ~ SH 
D, H, Digges | 
Ч, B, Harwell: Wed Martin | 


PIM. Риги WoW. Pore? LH OTI UE ena ST LG Moved ted ЛР etd eM. Wa) Пасей (иелене ] 


Prophett, Chief af Engineering Flight Test 

.W. Fox, Senior Project Engineer 

H. Gilliland, Manager of Quality Control 

F.G. Merritt, Chief of Industrial Security 

J.K. Field, Employee Service Supervisor 

M.C. Val Dez, Chief Safety Engineer 

C.W Greaves, Spe dal Assistant to the Manager - Public Relations 


w 
P. 
W 
А. 


SUBJECT: F-102 Landing Accidents — Edwards and Palmdale 


On October ۱7 two F-102 aircraft were involved in landing accidents occurring at Edwands 
Flight Test Center and at the Palmdale facility. In accordance with D. S. P. 1-3, Issue 2, 
this office is appointing А r. J.J. Alkazin ав the chairman of the board to investigate and 
report on these accidents. Since these accidents occurred at different bases it will be 
necessary for Mr. Alkazin to assign someone to hea) each of the Investigations. The mien 
assigned sre as follows: 


| R. К, Hall - for the Edwards accident 
О William Chana - for the Ра пдаје accident 


И ها‎ believed that the nature of these accidents will not require a full-fledged investigation 
board as defined in the D. S.P. It is therefore suggested that the Chief of Industrial Security, 
the Smployee Service Supervisor, the Safety Engineer, and the Special Ass stant to the 
Manager - Public Relations be advised of the information by copies only of the activities of 
| these boards and not be listed to meet unless specifically requested by the chairman. 11 the 
i case of the Bdwards incident, the Convair investigating team will cooperute as necessary 
with the Air Force Accident Inveatigating Board. 


| By this memo the two alternates are directed to establish a ineans of collecting all data, con- 
| ducting an investigation of the type warranted by such an accident and following the 2.5. P. 
| to issue the necessary reports. 


| 

i 

| /s/ J.H. Famme 

| сез J.J. Atkaain бог 

| R.K, Най R.L. Baylese 
№, Сара 

| Q, В, ٤8 
۷ ۔ل,‎ Martin 

©. А L Hayles 

| | 8, Patio 
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ENCLOSURE (A) 
CONVAIR 
Intre-Coùpany Correspondence 
P San Diego, California 
Y 
19 October 1956 
Tos Mr, Raiph Le Bayless, Chief Engineer 
From: $. 1, Alkazin 
Subject: Preliminary Accident Report = ТЕ-102 Serial No. 54-1355 


Enclosures (А) Pilot's and Тоног Opsretor'g Reports 
(B) Plot Plan of Landing Run-ovt 
(0) Photographe 


On Thursday, October 18th, the uridorsigned was diroóted to act as 
Chairman of an Acóident Board involving an undelivered Convair 77-102 eire 
ска іп accordance with DSP 1-3, My representative departed for Palmdale 
ой Friday morning and reports the following: 


TF-102A Aireraft 8/1 54-1355 made a normal approach landing on 
rumiy 22 at Palmdale following dolivory (first flight) from San Diego, 1апй- 
ing touchdown наб made approximately 3:55 p.m. The pilot's report, onclosure 
(a) explains tho reactions of ttio pilot during the landing run-out. “Although 
по mention 4s mado іп the роб! report, there was no attempt to deploy the 
موس‎ chute, possible a. result of the rapid and unnatural events which occurred 
immediately after touchdown. 


The extent of tho damage to the airplane 1s such that 1% 15 generally 
88۳080 to expedite ropalr by replacement of the entire right hand wing and beth 
пала lending gears. Preliminary observation of the airplane indicates that the 
right hand moin lending gear side brace boss failed (see photo). The landing 
goar cylinder and tho drag braco will be forwarded to San Diego Quality Control 
for analysie of tho fractured eres, 


Captain D, J. Torres, a USAF Acceptance Pilot at Palmdale, has been 
aosigned by the Palmdale AFPR to chairman an investigation of tho ineident. 
Coptain Torres invited Norton AFB representative to the scene for his guidands. 
Tho Horton representativos departed Palmdale Friday noon. It is understood 
that а hearing forthe purpose of determining the probable cause of the accident 
vill bo held on Wednesday, October 24th, beginning at 9 a.m. at Palmdale. The 
four officers of tho Palmdale AFPR will be tho voting members of the Board, and 
общата invited to attend aro: а Menasco Representative, possibly Mr, Bob 
Williams, and tha following people fron Convair: Мг. B. Jaeschke, Structures; 
Мг. 8111 Nugent, Landing Gear, Design Groupp Rex Warden, Chief Pilot; Art Snyder, 
Field Service Engineering, and my representative, Bill Chana. 


0 ENCLOSURE (A) 
P 
Ү š 
Hamo to: Mr. Ralph Lo Bayless 19 October 1956 
17700: Jo J, ۸270 Page Tuo 


Subjects Preliminary Accident Report 


. Ву сору of this memo, the members of the Aecident Board, as listed 
in DSP 1-3, are hareby advised of thla incident and а meeting as euch of all 
members of the Baord will mot bs called. Also, by сору of this momo, Goneral 
fasounting 38 officially notified of this incident. It is anticipated that 
no additional board members for this investigation will bo required, арӣ по 
regular meeting will be held. 


A final report to your office will be forthcoming. 


Jo Jo Alkazin, 
Service Manager. 
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ENCLOSURE (B) 
CONVAIR-PALMNATE bi 
TIME: 16:16 


17 ОсФовог 1956 


Ф AIRCRAFT ACCIDENT REPORT: 17-54-1955 
TYPE FLIGHT: #1 PERRY FROM SAN ТО РИО 
THE FLIGHT FROM SAN DIEGO WAS ROUTINE IN ALL RESPECTS, THE FOLLOWING CHECKS WERE 
PERFORMED IN FLIGHT: EMERGENCY FURL CHECK, NORMAL GEAR EXTENSION AND RETRACTION, SPEED 
BRAKE ACTUATION WITH AND WITHOUT TRIM SERVO TIE-IN, PITCH AND ТАМ ENGAGE, EMERGENCY GEAR 
EXTENSION AND RAT CHECK, PRIOR TO LANDING, I HAD INDICATED FOUR (4) WRITEUPS: ОНР RE» 
CEIVER URAK, PRESSURIZATION SLIGHTLY OVER SCHEDULE (CABIN t3M AT 26M), RIGHT ENGAGE 
TRANSIENT WHEN ENGAGING PITCH AND ТАМ, AND EMERGENCY GEAR EXTENSION TIME BLOW (18 SECONDS 
TÒ FULL DOWN AND LOCK). 
$ CALLED THE TOWER AND WAS CLEARED TO MAKE STIMULATED FLAME OUT PATTERN TO LANDING, 
A HIGH KEY, I EXTENDED THE GEAR-BY THE EMERGENCY SYSTEM NOTED 18 SECONDS TO DOWN AND 
LOCKED INDICATION AND THEN MOVED GEAR LEVER TO DOWN POSITION. GEAR EXTENSION WAS MADE AT 
Q 220K INDICATED. АТ LOW KEY POSITION, 1 EXTENDED THE. RAT. (APPROX, 200K), X CALLED THE 
TONER AND WAS CLEARED TO LAND, ALL GEAR INDICATION WERE NORMAL, £ CROSSED THE FENCE АТ 
APPROXIMATELY 360-165. ON TOUCHDOWN, I FELT A SLIGHT JOLT WHICH SEEMED TO COME FROM THE 
. RIGHT SIDE, SUDDENLY THERE WAS A SEVERE PULL TO RIGHT WHICH I COUNTERED WITH LEFT 
RUDDER AND BRAKE, AND AT WHAT SEEMED THE SAME MOMENT I FELT EXTREME RIGHT WING LOWNESS, 
THE AIRCRAFT BEGAN A GRADUAL TURN FROM THE RUNWAY, AT WHICH TIME, I PULLED THE POWER LEVER 
OFF AND HUNC-ON, THE AIRCRAFT САМЕ TO A STOP ABOUT 90° FROM RUNWAY HEADING, 1 OPENED THE 
CANOPY, SHUT-OFF A.C. & D.C, POWER, FUEL CONTROL AND BOOST PUMPS AND EVALUATED THE AIR» 
CRAFT. THE FIRE DEPARTMENT ARRIVED IMMEDIATELY, 


THE ABOVE STATEMENT IS TO THE BEST OF МҮ KNOWLEDGE AND IMPRESSION, 


ROBERT A. LAWRENCE 
Q PILOT = CONVATR 
12+08 


$. 


ENCLOSURE (B) 


STATEMENT OF WITNESS 
1۳-102۸ 954-1355 


1l... At approximately 1550. hours on 17 October 1956, tho 
underalened observed the accident involving TF-1024 #541355. 


22 The eivoratt was first observed approximately thirty 
(30) seconds before touch=down, Tho final approach was normal, 
flare=out and touch-down vere normal, Approximately fivo (5) 
seconds after touch-down what appeared to be а light dust trail 
was observed under tho oirorafi. A Там seconds later the ine 
tensity of the trail increased, tho right wing appeared to drop 
and fire flashés wore scon under the wing, The wing then made 
contact with the ground and the aircraft procecdod to veer of? 
the runvay to tho right. ` тш obscured any further observation 
of the alreraft. 


КОХ FURNAS, JE, 
Captain, USAF 
Operations Officor 


فوع و 


ENCLOSURE (C) 


Right tire mark at touchdown, 1,950 feet. 

MLG spread at 2,000? mark, measurod 18710", 

Right tire mark at 25250° indicates aircraft is veering to the right. 
Very heavy left tire "mark at 2,450°, 

MLG spread measured 19?9" at 2,500 feet. Also, right inner MLG mark, 
Loft tiro blow out at 2,800?. MLG spread at this point наз 19?9", also, 
right innor MLG door was on runway. 

Right and left inner MLG door marks at 2,935° mark, NLG spread was 1919". 
MLG spread was 19°9" at tho 3,0007 mark, both MLG dimmor door marks. 

R/H wingtip contacted runway at 3,300? mark. 

MLG spread at.3,500-measurod 19279, Also, both MLG inner door warka, 
MLG spread measured 19°7" at the 4,000° mark, also both right and left 


iner MLG доста were on tho run 


мауо 
MLG spread measured 1907" at the 4,500" mark, The R/H tiro also blew 
out at this point. 
Airoraft loft the runway at 5,000" on tho R/H side. МО spread measured 
1927", 
Adveraft continued За a very shallow right skid to the 6,200! mark, 
approximately 90° after leaving the runway at.tho 5,000? mark. 


08ھ 


ENCLOSURE (D) 


HISTORY Of FLIGHT 


On 17 Octobor 1956 at 1525 hours, TF-102A 5441355, piloted by 
Mr, Robert А, Lawrences departed from Lindberg Field, San Diogo, 
California on itg initial flight. Routine production flight tost- 
ing was accomplished سیت‎ to Palmdale, Discrepancice noted wore 
ав follows: | 


(1) UHF receiver weak, 

(2) Pressurizátion slightly over schedule, 

(3) Right engage traneient when engagin pitch and yaw end 
emergeney goar extension time slow (а 


А routine simulated flame-out pattern was performed at Palmdale 
during which time tho ram nir turbine was extended аз por initial 


` flight procedure, Upon contact with the rummy or shortly thereafter 


the right main landing gear side braco boss failed, followed by collapse 
outward of the gear assembly, The aireraft then gradually slide off tho 
right aide of tho runway to а position approximately 55° from the runway. 
Tho pilot medo а hasty but normal oxit from the airorafó. There чав по 
fire, 


DONALD J. TORRES 
Captain, USAF 
АЗхохаР% Accident Investigating Officer 


ENCLOSURE (E) 


The following listed technical orders wore not complied with at timo of the 


accident 17 October 1956 at 1555 bra. as recorded оп А/С Т.О, status report 


recolved from San Diego. 


7,0, 


Т.О. 


Т.О. 


7.0, 


Т.о. 


24-4157-2540 dated 3 July 1956, Engine turbino disc. cooling alr prossuro 
cheek, all 957 8۰ 


1F-102-528 dated 28 April 1956, Replacemont of missile door hinge cap 
fairing 7-202۸ and 1۳۰02۸ sircreft. 


17-102-556 dated 20 July 1956, Replacement of angino cooling air inlet 5, 
сћевк valvo e УР-ДОФА, Р-102А, and ۸ 
GOrion aireraft. 

77-102-5647 dated 2 July 1956, Tnapactica end removal of transmission and 


goar box asseablies, Part ود‎ Mao 
and TP-102 gories: riot а 


1Р-102-575 dated 4 Soptembor 1956, 


inspection, and rovork, or replacerent 
ef main landing gear struts ~ 27-2, 
77-1021, F-102A, and 1۳-02۸ series 
ajrerafü. [Intent of thie Т.О. has boon 
ageomplíshod in accordance. with letter 
fron 6 eer Company to Mark Smith in San 
05860, 


сы => 


. Brow 
328-3 = 196453 
Inspection Leadman 


TO WHOM IT MAY CONCERN: 


THIS IS TO CERTIFY THAT MR. ROBERT ANTHONY LAWRENCE, 10-0-566298, 
HAS FLOWN IN THE F-102 SERIES AIRCRAFT A TOTAL OF FORTY-FIVE (45) 
FLIGHTS WITH А TOTAL OF 40:35 FLYING TIME. 


Thomas H, J onnson | 
Flight Dispateb=Palmdale 


Chief Pilot = Palmdale 


ENCLOSURE (F) 
19 October 1956 
| 
| 


ENCLOSURE (G) 


Capt. Donald J. Torres 


Mee Т. Mo Gamage 
Weight and Balance Configurations for А/С 454 1353 


Pursuant to your request as to the Weight & Balance of the 
subject aixeraft when it departed San Diego and ite calcu- 
lated weight nnd CG, upon landing at Palmdale, the follow 
ing information is submitted. for transmittal: 


Take-off Condition of Subject A/C as it left San Diego . 
(With One Pilot): 


Total Weight 28,155 ۰ 
Сабо 270% МАС 
Total Ballast. 2,427 168, 


а After Subject A/C's accident, 474 gallons of fuel wore гө» 
moved from A/C and ballest in A/C was checked. 


Condition of Subject A/C as it landed at Peimdalo (With 


1 One Pilot): 

Total Welght 24,272 lbs. 

C.G. 25.0% МАС 

Total Ballast 2,427 lbs. 
T, H, Gammage 
Contracts Representative 
Palmdale 

тна/ек 


| 
| 
| 


14 September 1956 


ENCLOSURE (H) 
| Ш FLIGHT LOADING 
C | | HORIZONTAL, 60۰ 
Weight Аха — Megment/i000 (2.МаА,С, 
Basie Airplane As Weighed 9-4-56 18303: (423.6) 7754 
Pilot and Chuto (1) 200 171 24 
Fuel ۰ Usable (1071 Gala.) 6962 463.1 3224, 
031 = (5.5 Gals.) | 492 20 
Missile Launchers (6) 222 | 69 
Ballast ۱ ( 247 ( (528 ) 
TVA 40708-7 (2) 195 69 13 
TVA 45535-9 (2),-31 95 84 8 
TVA 46535-7 8 86 1 
Dummy Equipment (22) TVA 33327 312 123 35 
TVA 42243-9, =10, oll, 6 «12 166 121 20 
TVA 42243-7, Plate 13, 122 1 
TVA 42243-8, Plate 10 122 1 
| ТТА 33344-7, -8, -9, -10, Al, -32, =13, | 
| 214, -15, -16, -17, & 8ء‎ 160 145 23 
CO) ты 20708-25 2 بھ‎ 9 
TVA 40708-17, -19, -21, & 3 108 215 23 
- TVA 40708-15 Plate 15 216 3 
TVA 40708 Instl; Parts 2 216 === 
TVA 41011. Welded Plate 19 263 5 
TVA 41011-17 (2), =21, «23, 8-25 219 263 .58 
TVA 41013, Instl. Parto 2 263 2 
| Dummy Rockets, Doors 2.0" (24) ` 254 264 67 
| Dumy Missiles ( 6) 321 260 _ | 
x Gross Weight (1) Pilot 28155 (413.0) 11629 . 27.04 
Sesord Pilot 200... 0 0 
| Gross Woight (2) Pilots 28255 (411.3) 11663 26.4$ 
| Less Fuel (1071 Gals.) | = 6962 . 23924. 
| ; . 
| Zero Fuel Gross Weight 21393 (394.5) | 8439 20.6% 
| A CERTIFIED TRUE COPY: 
| DONALD J; TORRES, Capt. usar” E, E, Benson n 
Q 205591 Weights Group Engineer | | 
EEB:JFWsduh | ` ca amm даа 
| саз R, E. Harper => Inspection (2) : 
| J, Carton-Eng. Dept. 325. = Palmdale . Proof reads JEN & THC _ 


Weights Group 


CONVAIR = San Diego 
A Division of General Dynamics Corporation 
| ENCLOSURE (I) 
To: W. Changs Service Engineering 
- ` Subject: МО, Ser. №. 30 (Мепазво 5711001028}, шы 
| Falmdale Failure on TF102A #1355 


This report covers the Quality Control phases of examination of 
the failed part. 


1.0 Visual and 10X magnification examination of the fracture phase 
on the side boss did not diselose eny evidence of unhealed 
porosity or other detrimental defects, 


2.0 Dye penetrant inspection of the boss did not reveal any 
Surface flaws, | 


3.0 Metallurgical examination of the grain structure in the area 
generally agreed to be the initial point of failure, did not 
reveal any internal defects or abnormal grain condition for 
а 7075 alloy forging of this size. 


420 Dimensional measurements relating to the side brace boss were 
made snd found to be as follows: 


20} Boss diameter ——— eec — 1.623 
„02 Length of boss (1-623 dia) to tangen 
of f iret f illet prem RY T تست‎ - awa Gamma i cp 2830 
С) $03 Distance from end of boss to foro & aft 
1enterline of the cylinder could not be 
accurately determined because the fracture 
' lana could not be fitted together, For 
th» sams reason the distence of the boss to 
centerline of the cylinder could not be 
determined, 
«04 Meaaurements of the fillet radius tangent 
to tia 1-623 boss diameter were taken at 
three notinte seperated approximately 3/8" 
adjace, to the area assumed to be the point 
of initial failure, 


| R A B C 
Location #1 „04 50052 ,0033 00166 


2 2019 „0044 .0027  ,0174 


, 008 


‚ 0015 „0250 


200 


„05 


«06 


«07 


«08 


vOhuaih = San Diego ENCLOSURE (1) 
A Division of General Dynamics Corporation 


Pape "Two (2) 


Rockwell hardness readings on the 1,623 boss diameter 
were E-108, The inspection acceptance minimum for 
707516 forging is E-104, 

Fracture of the retainer face of the Side brace bearing 
was visually examined, Exact sequence of the retainer 
face breaking into quarter segments and the separation 
of the retainer face from the parent bearing was not 
apparent. The fracture surfaces of the quarter segments 
revealed fracture pattern indicating the probability 

of their breakup starting from the inside surface at the 
corner relief of the square hole, 

The bearing retainer stud was examined on a comparator 
for possible bending deformation. The thread axis was 
found to be true to the stud cylindrical section axis, 
After cleaning dirt from the sido brace bearing, it was 
found to be free without bind or restriction, 


Fracture of the bearing retainer face leads to the question 
of how tensile stresses necessary to cause failure could bo 
induced in the inner or outer surface. 


о 01 


«02 


Seizure of the bearing in its race with resultant 

bending from the side brace could be one answer since 
slight pressure marks were noted on the end of the 

aide brace boss, 

The second conjecture hinges around the fact that this 

ig one of the gear subject to boss rework, This had 

been accomplished as evidenced by the chromic acid 

toueh up and relatively bright metal at the 1.623 diameter 
fillet in contrast with the original chromic acid anodic 
coating. The end of tho boss retained the original 
anodic coating indicating tha rework consisted only of 
correcting the fillet radius and/or lengthening the 

1,623 diameter bearing surface to correctly accomodate 
the spherical bearing, Assuming then that in original 
manufacture the 1.623 diameter length was too short 

to accomodate the spherical bearing, there would have 
been clearance between the inside of the bearing retainer 
face and the shoulder on the retaining stud which it 

was designed to bear against to react the torque of the 
attaching nut. Under this condition the bearing retainer 
face would have been loaded with the inner surface in 
tension. A crack could under this condition have been 
started from the inner surfacs and gone undetected during 
the boss revork and reassembly operations. The loads 
incident to breaking the boss off might then have 
contributed to the final fracturing of the bearing 
retainer face, 


ENCLOSURE (T) 
CONVAIR = бен ево 
А Division of General Dynamics Corporation 
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Page three 43) 


6.0 Photographs and photo micrographs vere taken to 
document the observed conditions related to the 
failure. 


OL 27-4 РМ-0051 Longitudinal grain adjacent to the 
assumed failure initiation point. 

02 27-4 РМ-0052 Transverse grain adjacent to tho 
asaumed failure initiation point. 

03 27-4 РМ-0053 View of fracture. 

„ОД, 27-4, РМ-0054, End viow of boss. 

05 Print 07787 General view of boss fracture . 

05 Print 07790 Fracture area on outer cylinder. 

„О? Print 07786 Spherical bearing fractura area in 
side brace 

208 Print 07788 Inside surface view of spherical 
bearing. 


B ° R, Svars 
Chisf of Process Control 
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{Ar BIE? 
| REPLY REQUESTED УЕ МО... CUSTOMER REPLY REQUESTED Г] CODE س_‎ 
SERV. ENG, CUSTOMER. PL. MOD. & NO 
Q) | Location. AL TIME & 0 
FSE. М. F, Chana — ` DATE 26. Oct 196616۳, OR 
TET R tto? E ак ТЕТР REPORT 
rt to Ра e 
REPLY ВУ ‘ENCLOSURE (3) 
PART Io o——————'— 
TO: 
OTHERS | 
| Subject: Aircraft 1355 Accident Investigation Board. 
8-3,3-1 Messrs. Jasschke (Structures), Nugent, Schwartz and Chana arrived Palmdale at 
9:15 а.ш. for a scheduled 9:00 a.m. Accident Board Meeting. The Meeting did 
Pame not get under way until approximately 10:30 a.m. Capt. Torres, of the Palmdale 
. Martin AFPR, requested the following persons to attend the meeting: 
Snyder 
Nugent Capt. Butterfield, President of the Board Rex Warden 
Jaeschke Capt. Forsythe Bob Williams; Мепазво 
Schwartz Major Hornberger, Norton Air Force Base Capt. Holder 
Cole Hal Wilson, Convair Field Service Engineer W. Е. Chana 
Smith Capt. Torres 
"Mueller 


ОР 


Butterfield, Forsythe, Torres and Holder vere the voting members of the Board. 
The remainder were advisory members. Messrs. Jaesehke, Nugent, Snyder, -Schwartz, 
Lawrence (the pilot), Martin, Anderson (tower operator), and Capt. Furnéss vero 
on stand-by. 


The following are notes taken from the Board Meeting: 


The President opened the Board at 10:35 a.m. Following formalities end explana- 
tion of the purpose of the Board, the President requested advisory members to 
introduces themselves and give their reasons and justification for being advis- 
ory members. At 10:47, the first witnoss, Mr. R, Lawrence, the pilot, was 
called in. Over and above his prepared statement, Mr. Lawrence indicated that 
the two landing gear cycles were conducted at approximately 20,000 feet and 

that the maximum altitude reached during the flight was approximately 30,000 
feet. He did not know what the outside air temperature was during the two re- 
traction cycles, but retraction times were within aix seconds. The pilot stated, 
on question, that there was no appreciable уви or drift associated with tho 
landing and that the landing was firm but not "greased оп", nor was it an espso- 
1811у hard landing. At 10:58, Mr. Anderson, the tower operator, wag called in 
and the only comment, over and ebove his prepared statement, was that whera he 
stated "the fire was put out by the dust". His clerification wes no fire and 
that what he probably saw was sparks of the metal grinding on the runway. 

At 11:04, Capt. Furness, who was a witness, added the following to his pre- 
pared statement. He stated the gear appeared down and locked as viewed through 
binoéulars. Capt. Furness vas at approximately 20° angle off the nose of the 
aircraft, standing outside the Administrative Building, which is approximately 
normal to the 7,000 foot mark on the runway. At 11:10, Chana reed Mr. Schwartz's 
report on his findings of the investigation of the landing gear side brace boss 
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REPLY РАНЕЕ: s NO. سب‎ REPLY REQUESTED Г) CODE8.3.3-1 o o 


APL. MOD. & NO 


SERV, ENG. CUSTOME 
е LOCATION APL TIME % TSO 


БЕ М. Г. Ghana DATE 26 Oct 1956REF. OR IRE P REPORT 


TITLE & „ENCL. 
REPLY BY ENCLOSURE (J) 


| РАКТ NO 


DISTRIBUTE 
TO: 


OTHERS Е | 
‚ Same as i While re-reading the lest paragraph for clarification, the meeting was Interrupted 
| Page 1 for an emergency and the meeting was adjourned at 11:19. (Convair operated В-57 


mede successful single engine landing.) At 1:03 the meeting re-convened and 

Mr. Schwartz's report was turned over to the President of the Board. At this 
point, the Board recommended that detailed dimensions of the failed boss, both 
before and after re-work, be made available to the Board at the earliest possible 
date. There was some question as to if the boss had been re-worked since the 
records indicated that the Т.О. had not been accomplished. This point was ciar- 
ified when it was pointed out that the re-work was accomplished by Menasco team 
at the Convair facility prior to issuance of the T.O. It was agreed that the 
intent of the T.O. had been accomplished on this landing gear. 


On question, Rex Warden explained why the pilot did not choose to use the drag 

Q chute. The pilot had the thought running through his mind that the aircraft 
was possibly on fire and he did not want to accelerate this fire with the drag 
chute, which he was sure would eatch fire if deployed. 


At this point, the President of the Board made the rounds amongst the advisory 
members asking for further comments. The Menasco Representative made the 
following comments. There is no concrate evidence of the cause of this failure 
brought out during this hearing. Ав he understood it, this was the purpose of 
subject hearing. He stated that he was familiar with this gear structurally and 
he knew of no reason for this failure to happen. He said that there were a lot 
of things that no one knows about this gear and that both Menasco and Convair are 
going to try to find out, through testing, just what happened. He said that it 
was his observation that this wasn't the first incident of this type and that all 
inéidents to date are of a common nature. He pointed out that landing gear strut 
S/N 199, that was on the left hand side of the airplane, was not machined identi- 
cal to strut S/N 30 on the right hand side. The only difference, however, was the 
fllleted, or filled in, area near the side brace boss. He pointed out that, 
efter the first failure which occurred at Palmdale, Menasco instigated a change 
to "beef up" the cylinder by filling in the area near the side brace boss. He 
further pointed out that all incidents to date have heen on the older type struts. 
He also stated that the first strut failure.was on a lending gear which was not 
machined to print and that this was the primary reason the Menasco re-vork team 
was directed to ро to the field, by direction of the T.0., to correct the struts 
to the drawing. At this point, the President of the Board recommended that all 
drawings of both types of struts of gears on the aircraft ђе made available to 

Ç the board et the earliest possible date. If possible, photographs of the two 
types of gears should be included. 


DO NOT WRITE IN THIS SPACE 
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TITLE ENCL. ENOLOSURE (J) 


PART NO 


DISTRIBUTE 
TO: 


OTHERS - | 


At 1:43, the president made a move to dismiss the advisory members by asking if 
anyone had any further questions. In a somewhat informal discussion, the Menasco 
man hed the following to add. Не said Menasco has a little more evidence to 
bring forth. Menagce had received, on receiver 42171 from Convair, the following 
two side brace bess failures which occurred on aircraft S/N 1793, hard landing 

at Holloman. He stated that this mst have been a terrific load to fail these 
side braces and consequently, the side brace boss failure on 1355 mst have been 
the result of a terrific load. At this point, Rex Warden, Chief Pilot at Palm 
dale, clarified to the board that there were many differences between the sink 
rate and technique of landing, plus aircraft attitude, between the two instances, 
the one on 1793 and the one on 1355. Rex Warden further stated that it wes his 
professional opinion that the landing of 1355 could not subject a gear to a force 
which could fail the lending gear. He stated that "we make landings like this 


every day". 


ы The President of the board desired to know at what serial number the filleted 
gear took place. The Menasco men said that there were 66 skewed gears built 
without the fillet and some 77 plus spares of the unskewed gears all without 
the fillet. 


Chana requested a сору of the folder conteining the statements and photographs 
which were on hand at this meeting but this request was denied by Capt. Torres. 
He stated that the final report would be forwarded to the Contractor through 
official channels. Capt. Torres requested seven copies of Mr. Schwartz's report 
and was advised that these would be made available to the Hoard. The informa- 
tion requested by the board was promised to Capt. Torres by Tuesday morning, 
October 30th. 


The President of the board closed the mecting at 1:52 p.m. asking the advisory 
members to step out so that the voting members could make their decisions. 
Following the meeting, Chana met with Nugent, Jaeschke, Schwartz and Snyder 
and discussed the meeting in general. When it was learned that the Menasco 
man expounded on the Holloman incident and supplied the Board with the failed 
side brace bosses from this incident, Mr. Nugent requested that some action be 
taken to allow him to supply an input to the meeting minutes in that he was not 
in agreement that the Holloman incident was, in any way, related to the failure 
on 1355. He pointed out that letter 6-6057 (with reference) summarized all 
landing gear fractures up to 1355 and he requested that we make sn effort to 
include this report into the minutes of the board. Hal Wilson, after discuss- 
ing the matter with Major Hornbarger, advised that this data could become a 
Ф) part of the minutes and that we shovld furnish it as soon as it is available. 
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Following the meeting, when Capt. Torres was approached to consider adding 
Mr. Nugent's input to the minutes of the meeting, Capt. Torres informally 
advised Chana that he was disappointed in the cooperation received from both 
Convair and Мепазсо. When questioned, he said he thought that some mention 
would be made of tha limitations on the F-102 landing gear of 540 feet per 
rimite rate of sink. Chana corrected Capt. Torres by stating that there were 
no limitations on the gear and that the 540 feet рог minute, or 9 feet per 
second, was a design parameter and not a limitation. It seemed that another 
item thet concerned Capt. Torres was that he received the photographs (4х5 
glossy prints, all curled up) just prior to the meeting and the accident had 
occurred a week previous. Capt. Torres did state that he appreeiated the 
thorough report written by Mr. Schwartz of “uality Control and that he con- 
sidered 1t a very valuable part of the mínutes of the meeting. 


Following a discussion with Messrs. Nugent and Martin, Palmdale Manager, Chana 
Advised Capt. Torres that Convair would weit to ace the minutes of the meoting 
before officially requesting additional input (recommended by Nugent). 

Chana advised Torres that every effort would be made to supply him with seven 
copies each of all of the information requested by the board by Tuesday ۰ 
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I Bill Martin indicated that a man from structures inspected the left hand 
wing from 1355 and stated that it was OK for flight. Не requested that 
Chana obtain a written statement from Structures Department to this offect 
and forward it on-to him as soon аз possible. 
Item 3 ~. 
Chana discussed the loan of Les Norwood to Palmdale and it was coneluded that, 
following Mr. Norwood's vacation, Chana would call Martin to see if they still 
needed Norwood's services. 
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Subject: 
Additionel information for accident investigation board оп 1355, 


A quick turn-around trip to Palmdale was arranged with Production Plight 
Department using Aero-Commander, The undersigned carried seven copies of 
the following items to Palmdale as promised at the accident board meeting 
last Friday, October 26th. 


l. Summary of aircraft accidents related to landing gear - Ltr 6-6057 
dated 9/14/56 with enclosure summary and photographs. 


2. Convair Quality Control report of examination of failed main landing 
gear part A/C 3/1 54-1355. | 
Photographs of failed part. 

(a) Includes photo of gear S/N 30 (failed part) and gear S/N 199 
(L/H gear) showing difference between cylinders - filleted area 
near 8106 brace boss. 


3. Portion of Menasco drawing 571103 Cylinder "М" chg. filleted side 
brace boss configuration. г - 


4. Portion of Menssco drawing 571103 Cylinder "N" chg. unfilleted con- 
figuration. | | 


5. Inspection sheclg-off list. Pield sérvice program F102 mein landin 
gear ship 41355, landing gear S/N 30 and 199. | 


6. Convair inspector's report indicating re-work of main landing gear 
cylinder strut S/N 30 on 4/26/56. 


7. Мепаѕсо drawing SK 10958 authorizing re-work Е-102 main landing gear 
cylinder, sheet 1 of 1, approv. 3/30/56. 


8. Мепазсо dwg. 571103 assembly main landing gear су11пбег. 
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The quick service on short notice offered by the Flight Department is apprec- 
iated and the Air Force at Palmdale was pleased to see that we had this 
information available to them as promised. 


The undersigned was unable to obtain copies of items collected by the Palmdale 
AFPR relative to the accident. Palmiale АКРЕ indicated that regulations would 
not allow them to furnish contractor with this package of information. 
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ANALYSIS CON V AIR PAGE 1 | 


PREPARED. BY А 01915108 OF GENERAL DYNABICS CORPORATION REPORT NO. EFT-0-8-1 | 

CHECKED BY SAN DIEGO море YF~102 | 
| REVISED BY vate 6 Deo, 1956 
| OBJECT 


To investigate the cause of failure of the left-hand main landing gear axle on 
YF-102 Serial No. 52-7995 at Palmdale in accordance with DSP 1-3. 


a —— ——— سا‎ 


DESC ON ۵ CIDEN 


At approximately 15:30 hours on Thursday 8 November 1956, the subject 8-80 

series aircraft was lifted from the Palmdale runway by Convair pilot R. A. Lawrence 

on a routine target flight which was flight #349 for the aircraft, At the instant 

when the pilot rotated the aircraft and became airborne, the left-hand MLG wheel 

and axle separated from the airplane. The tower notified the pilot of the loss 

and as a result, he did not retract the gear during the ensuing flight of approxi- 

mately one hour. Ап Е-102А S/N 55-3426 with Convair pilot R. Е. Myrann was dis- 

| patched to make an in-flight check of the extent of the damage to 7995. This in- 
flight check revealed that the left-hand MIG wheel and wheel fairing assembly had 
separated from the aircraft due to a broken axle. Тһе left-hand МІС brake line 
was observed hanging from the stump of the gear. In order to determine if air | 
was available for braking action on the good right-hand gear, Mr. Myrann requeated 
Mr. Lawrence to apply the brakes. The chase pilot noted that the left-hand brake 
line etiffened up and from this it was determined that braking aír pressure would 
be available during the landing. 


Ç | The Convair, Palmdale, Chief Pilot Mr. Rex Warden, was in the Convair control 
“їг | tower and offered Mr. Lawrence his choice of either abandoning the aircraft or 
attempting to land it. Mr. Lawrence chose to bring the aircraft home. 


While Mr. Lawrence was cruising in the immediate vicinity in order to use up fuel, 

many preparations were being made by ground personnel. All available fire and | 
crash trucks were deployed and a blanket of foam approximately 50 feet wide and 

1,500 feet long was laid on the runway. Photo coverage was provided by a Convair | 
instrumentation technician, a Palmdale eirport guard (each using 85111 camera . 
equipment). | 


During the downwind leg of the approach, the canopy was jettisoned at an IAS of 
190 knots, straight and level flight, and at an altitude of approximately 1,500 
feet above the terrain. This was over a desert area west of the runway. Some 
smoke was noticed in the cockpit immediately after canopy jettison, but this soon 
cleared, The air turbulence inside the cockpit was very mild causing the pilot 
practically no effect. He noted that there was some loss of directional stability 
with the canopy off. The canopy struck the vertical fin tip as it left the air- 
craft, but this caused no effect on the control of the airplane. 


A point which should be stressed is that the techniques of approach and landing | 
for F-102 type aircraft were not altered in the slightest. Speeds and aircraft | 
attitude were the same as for any routine lending. Immediately after touchdown, | 
hard right aileron was induced and the nose gear was brought onto the pavement 

ав scon as possible, x 
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DESCRIPTION OF INCIDENT - Continued 


After flying for approximately one hour and with an estimated fuel load of from 
1,000 to 1,100 pounds aboard, touchdown was accomplished’ at 16:35 hours. Over= 
the-fence speed was approximately 150 knots and touchdown was at approximately 135 
knots IAS. Immediately upon touchdown, electrical power was cut off. This caused 
a slight ballooning effect as the pilot changed hands on the control stick, The 
engine was cut off next. Immediately thereafter, the pilot deployed the drag 
chute and turned off the fuel valve. During the landing roll (or slide) the pilot 
was pleasantly surprised to learn that only intermittent braking was required to 
keep the aircraft straight on the runway. The pilot also felt that deployment of 
the drag chute was of very great assistance in maintaining directional control, 


The landing was accomplished on runway 14 at the Palmdale airport. Direction of 
landing was from S.W, to Н.Е. The aircraft first contacted the runway at approxi- 
mately the 3,700-foot marker. Weather conditions at the time of landing were 
clear, visibility 35 miles, wind E.N.E., 8 knots. Touchdown of the left hand gear 
stub was made in the foam and the strut slid through the foam for practically all 
of its 1,500-foot path. The stopping point was at approximately the 7,200-foot 
marker, The aircraft came to rest on the left-hand side of the runway straddling 
the white boundary marker. The nose and left main gears were just outside the 
white stripe, while the right hand MIG was still inside the boundary marker on 

the runway. Photos 1 and 2 illustrate the landing, 


There was no fire except for the right-hand MLG tire which had blown out and slid 
from approximately the 5,800-foot to the 6,000-foot marker. This fire wes quickly 


extinguished by fire fighting equipment which was on the scene within seconds, 
Photo 3 illustrates this coniition. None of the other parts of the fuselage or 
the wings contacted the runway end the only damage to the aircraft consisted of the 
jettisoned canopy, the vertical fin where it was struck by the canopy, the left- 
hand MIO shock strut, and the ruined right-hand MIG wheel and tire assembly. The 
nose landing gear and all other parts of the aircraft evidenced no visibly 418- 
cernible damage. | 


The pilot wae uninjured and сх 526 сэв the alroeraft before the arrival of any 
assistance. He asked that the crash crew be warned that the seat was armed. This 
was done immediately and a crash crew member severed the Tine to the seat catapault 
with a large pair of cutters. 


The failed gear did not have a nameplate or serial number; however, inspection 
records at Palmdale show this unit to be Serial No. 2S and Part No. 538100-501. 

It was installed 26 February 1956 and had accumulated one hundred thirty one (131) 
landings prior to the failure. A Menasco rework team reworked both gears on this 
aircraft on Tuesday 6 November; however, they had not accomplished rework in the 
axle area, although a visual inspection might have been made, The wheels had not 
been removed during the inspeotion, 


^ 
! 


۱ 


4 


ANALYSIS CON ۷ A ۴إ‎ PAGE 3 


PREPARED BY A DIVISION ОҒ GENERAL DYNAMICS CORPORATION , REPORT NO. ЕРТ-0-8-1 
СНЕСКЕО ВУ ومن نوا‎ | MODEL ҮЕ-102 
REVISED BY DATE 6 Deo. 1956 


DAMAGE TO AIRCRAFT 
1, 


The entire strut and piston assembly was ground off to a point practically 
| flush with the bottom of the upper scissors boss. The left-hand MIO axle 

| | broke off in a wavy circular break approximately 5/8" to 1-1/8 inchesinboard 

| of the flange which attaches to the brake assembly. On the bottom of the 
axle, the edge of the break is directly above the tp of the static discharge 
wire, The tire was 65111 intact and inflated. The outboard fitting attach- 
ing to the wheel fairing was still connected to the outboard end of the axle. 
A section of the wheel fairing, roughly 8 x 10 inches was still attached to 
the fitting. There are some indications of slight crystalization and of an 
old crack in the lower portion of the fractured axle, Photos 4 and 5 illuse 

| trate the above. 


The failed stub axel was returned to San Diego Engineering Test Lab on Friday 
9 November by J. M. Hudson, Design Specialist from the Landing Gear Group, 
and R. G. McGeary, Flight Test Group Engineer. Final process control lebra- 
tory analysis of the failure of the left hand МІС axle is included in 
enclosure A (Report PCL-44). | 
The left-hand МІС strut was changed by jacking the aircraft and inserting a 
spare piston and cylinder assembly into the splines in the main attach fit- 
ting. The old sway and drag braces were reconnected to the new strut 
assembly. The S/N of the newly installed strut assembly is Мепввсо P/N 
538100-501, S/N 2. A new wheel, tire, and brake assembly was installed on 
each of the MIG's, and the aircraft was towed to the flight line area. 


The only damage on this side was to the right-hand tire and wheel assembly. 
The tire had blown and the wheel and tire assembly were worn off approxi- 
mately to the bottom of the brake assembly, Photo 6 illustrates this 
“damage. 


3. Vertical Fin . 


Damage to the vertical fin was confined to a small pie-shaped segment 
gouged out of the leading edge, immediately adjacent to and above the 
horisontal omni antenna, This gouge was approximately 8 to 10 inches 
deep (measured parallel to the top of the omni antenna) and from 6 to 
8 inches high (measured parallel to the leading edge of the fin tip). 
Photo 7 illustrates this damage. 
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DAMAGE 20 AIRCRAFT ~ Continued 
4. S Canopy A 


Damage to this area was non-existent except for the aircraft skin immediately 
aft of the canopy hing points. These akin areas were curled aft as might be 
expected following canopy jettison. Photo 8 illustrates this damage. 


5 : | j A mb 


This item was completely shattered and warped out of shape. All glass was 
shattered in every panel.’ The left-hand side of the canopy was bent inward, 
(full length) until only about a 10-inch space remains between the forward 
edges. The hinge shear pins appear to have functioned and sheared as de- 
signed. Photo 9 illustrates this damage. 


STIGATION CONDUCTED 


1. The metalurgical test (Encl. A) conducted on the axle stub by Process Control 
Laboratory reports that the failure of the left-hand main landing gear on 
Aircraft Serial No. 52-7995, Menaaco Strut Serial No. 25, is attributed to a 
marginal design which was aggravated by decarburization and possible machin- 
ing techniques in the area of fracture. 


س ل ل ل ل ل ل ال سم 


2. А study of the marginal design mentioned in Report POL-44 мав conducted by 
the Landing Gear Group and Structures Group of Engineering. The following 
18 а brief resume of the structural investigation. 


+ 

The original landing gear stress analysis made by Convair Structures Group 
was based on a wall thickness figure in the fracture area of 0,204 inches. 
This dimension vas provided by Menasco. The analysis based on this figure 
resulted in a margin of safety of 20 percent. As part of this investigation, 
Menasco provided Convair with a drawing of the fracture area expanded to 10 
times scale. This drawing showed the dimension tolerances at the 5/8 inch 
break points to be 0.214 inches maximum and 0.143 inches minimum, and at the 
1-1/8 inch break point to be 0.182 inches maximum and 0.126 inches minimum. 


The Struotures Group ran a new stress analysis using the minimum tolerances 
given and the results showed a negative margin of safety of 16 percent. | 
Stresa analysis based on the actual wall thickness of the broken axle which 
was 0.167 inches shows a negative margin of safety of 2 percent. These 
conditions would be further aggravated by the metal surface conditions 
noted in paragraph one, 


CONCLUSION 


This incident cen be attributed to a build-up of tolerances from the original 
design..dnalysia through engineering drawings to manufacture resulting іп в final 
article of marginal strength. Fatigue and the failure were secondary results of 
the marginal strength. 
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FORM 1018-А 


Design and mamfacture a tool to be used in determining the actual wall 
thickness in the critical area on all landing gear of this type. 


Set а minimum acceptable wall thickness of 0,175 inches et the 5/8 inch 
break point and 0,160 inches at the 1-1/8 inch break point. 


Vapor blast the critical area of the axle to improve surface condition. 


Prepare a Service Technical Order requiring compliance with one through 
three above within 6 days. 


Continue the Dye Penetrant check outlined in Service Technical Order 
81Е-102-592 on the gear suitable for use following the inspection for 
minimum wall thickness. 
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` ANALYSIS RAPER a r E 
| PREPARED BY G, W, Wilcox SAN 01660. a REPORT NO. РСЇ-44 
CHECKED BY . MODELYTF-102 
| REVISED BY DATE 21 Nov 1956 
| 
| REPORT НО. PCL-44 
MAIN LANDING GEAR FAILURE : 
INVESTIGATION OF - ` и 


OBJECT: 


To investigate the cause of failure of the left-hand main landing gear 
(Serial Мо, 28) removed from!YF-102A airplane, 52-7995. - 


INTRODUCTION: 


| During take-off operations at Palmdale, Oalifornia,YF-102A airplane, 
52-7995, suffered failure of the left-hand main landing gear, Drawing No, 538108, 
Serial No, 25. The landing gear had been manufactured by Menasco Products, installed 
in the airplane on February 26, 1956, and had had 131 landings to date of failure. 


CONCLUSIONS: 


ғ n 
| The failure of the left-hand main landing gear on Aircraft Serial No. 52-, 
7995, Menasco Strut Serial Мо, 25, is attributed to a marginal design which was 
aggravated by decarburization and possible machining techniques in the area of 
| fracture. и 


RECOMMENDATIONS: 


In accordance with URGENT ACTION TECHNICAL ORDER #1Е-102-592, 1% ін recom- 
mended that periodic penetrant inspection be conducted on the axle in the area adja- 
cent to the flange. This will necessitate the removal of all paint and plating from 
this area. 


As an alternate to the above inspection procedure, the landing gear can be 
removed and replaced with a strut of acceptable quality on the following aircraft: 


Aircraft Serial Numbers 
52-7995 


| 53-1779 

` | 53-1780 

53-1782 
53-1783 
53-1784, 
53-1785 


TEST SPECIMENS AND PROCEDURE: 


Metallurgical evaluation®%as conducted оп the disassembled stub-end of the 
landing gear that connects thə landing wheel and brake assembly, Views of the axle 


failure area, werg taken. The following tests were completed ‘for metallurgical ap- 
praísal; q 


~ 


ANALYSIS C-O N V A 1 R 


| j Я Ua к G Y mk rv сэх рута | шя а йн 

PREPARED ВУ С. W. Wilcox SAN DIEGO REPORT NO. РС1-44 
CHECKED BY MODEL F-102 
REVISED BY DATE 21 Nov 1956 


PAGE 2- 


TEST SPECIMENS AND PROCEDURE (Cont'd): , 


1. Spectrographic analysis 

2. Rockwell hardness traverses 
3. Wall thickness measurements 
4. Magnetic inspection 

5. Visual examination 

6, Metallographic examination 


The plating material on the outside diameter of the axle, and the parent 
material of the landing gear was determined by spectrographic analysis. 


Rockwell hardness traverses were made along the inside and outside dia- 
meters of the axle, completely across its length, at $" intervals (Table I). The 
original rough machined surfaces were removed to obtain true Rockwell readings. 


Wall thickness measurements vere taken in regions around the fracture area, 
and compared to the prescribed design tolerances. 


Magnetic inspection of the entire stub-end of the axle was completed, after 
longitudinally sectioning, and removing paint and Cadmium plating. 


The inside and outside diameters of the axle tube were examined visually 
for machining characteristics, paint and parent material discoloration and other 
significant observations. i 


e 
Metallographic examination of magnetic indication areas was conducted to 
determine metallurgical quality of the axle. 


RESULTS AND DISCUSSION: 


Spectrographic analysis adjacent to the failure revealed the axle to be 
made of SAE 4340 alloy steel. Cadmium plate was present on the outside diameter of 
the axle tube. 

, 

Rockwell hardness traverses on the inside and outside diameters of the 
axle produced quite uniform results, with a high reading of Rc 46.0 and a low reading 
of Re 43.6 (Table I). These values, converted to ultimate tensile strengths, con- 
stitute the range from 200-217 ksi, which was within blueprint tolerances. 


Wall thickness in the fracture area was found to be .167+.001". A check 
by Convair's Engineering Structures Group into Menasco's stress analysis (Menasco 
Report 147-8) for this axle showed a safety design of 20% with a .204" wall thick- 
ness in the failure area. A wall thickness of .167, as measured, would produce a 
design safety factor of approximately 1.5$. The presence of decarburization lowers 
this safety factor even more. It should be noted that the design figures mentioned 
on this axle are applicable to ten (10) Aircraft, eight (8) of which are presently 
in service as follows: 
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Location | » Remarks 

8-80 52-795 11 ------- -- Crash landed-out of commission 

8-80 52-7995 Palmdale 

8--82 53-1779 Hughes, Culver City 

8-82 53-1780 Palmdale 

8-82 53-1781 Palmdale 

8-82 53-1782 Hughes, Culver City 

Ys 8-82 53-1783 Palmdale 

8-82 53-1784 Fort Worth 2 

8-82 53-1785 NACA-Edwarda 

8-82 53-1786 7 ------ = = = Crash landéd-out of commission 


A further survey of the service status of the above Aircraft indicates the 
following statistics as of November 20, 1956: 


Aircraft | No, of 
Serial MLG Serial Landing ‘on 
Number 21 Number Aircraft 
Ж 53-1779 LH 4 127 
анд 53-1779 ЕН 5 127 
53-1780 LH 21 210 
53-1780 RH 7 210 
53-1781 L H Unknown 123 
53-1781 ЕН 9 123 
\ 53-1782 LH 17 119 
53-1782 ЕН 10 119 
53-1783 LH 22 323 
53-1783 КН Unknown 323 
53-1784 LH 11 15 
53-1784, RH l4 102 3 
53-178 LH 15 95 
53-178 КН Unknown 95 
я 53-1786 Crash landing and burn at 


Holloman - Gear failure 
probably not involved. 


Magnetic inspection showed cracks immediately adjacent to the failure. 
г... Photograph No, 0069 illustrates these indications. No other indications were noted 
on the axle. 


Visual observations of the initial failure area showed "clam shell" effects, 
indicative of fatigue-type failures, as shown in Figure 1. These characteristics are 
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evident on the bottom or tension side of the axle, 


It was also noted that almost the entire inside diameter of the axle con- 
tained rough machined regions. 


~ a 
Paint and alloy discoloration wae quite prominent on the inside of the 
axle (Figure 2), possibly induced by repetitive braking action during actual service 
or some other frictional load application. Discoloration of the range viewed is 
normally indicative of a 500 to 600°F temperature extreme (Photograph No. 0068). 
The entire interior surface condition is illustrated in Photograph No. 0067. 


Samples were removed from the axle in the magnetic indication regions and 
prepared for metallographic examination. The microstructure was found to be normal 
tempered martensite with a minimum of non-metallic inclusions, and, in general, free 
from harmful defects. Minute fissures were noted in the microstructure sample (8- 
moved from the tension side of the axle - typical for this type of fatigue failure. 
А decarburized surface, extending to a depth of .0016", was determined by visual 
measurements. Microhardness measurements, however, determined by Knoop hardness 
readings, established decarburization extent to be .008", The magnetic indication 
was found to be .0057" in depth. 


А ——————— ل س‎ a 1 или و سس سور‎ eu 
— —-——— FORN, нива. » 


ача ор аа а аа Б ГЕ начи я аста‏ 29.4 جج پا КЕНИ РЕЖ ЕТ КР Гала‏ ہے سا КВ‏ پک ہہ carm ИН ТЕРРА ТУТТА атча‏ ے وه dI m Im ow‏ گار ЭЭ РТТ s‏ ٭: АСЕ A AN KTSOP‏ ۰۳ ۳ کہ ЕЕЕ: БОЈЕ ۵ POROX OW PA 2۵ ٩۳‏ ہے ہے جج 


ANALYSIS 
PREPARED ۷ 
CHECKED BY 
REVISED BY 


SESE 
FORM ۱۵۱۵ ہے‎ 


С. о: [ч گر ا‎ M PAGE 5 | 4 
SAN DIEGO REPORT NO. 45 
MODEL F-102 
DATE 21 Kov 1956 


ROCKWELL HARDNESS DETERMINATIONS * 


- 7 Outside Surface Inside Surface 
ccr میسن‎ muc Mo Зоро 


Fractured End 


* а]] hardness readings are from the frac- 


ture end at approximately 3" intervals. 
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x LANDING GEAR SHOCK STRUT FAILURE ` 


| NOTE: (DCLAM SHELL AREAS NOTED INDICATE 
| FATIGUE TYPE FAILURE 
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* NOTE: These photographs were made in the 
Process Control Laboratory, Plant II. 
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INTRODUCTION | 


n 
t 


Tbe MG-10 is the aircraft and weapon control system 
for the F-L02A one-man supeérsonic all-weather interceptor 
being produced by Convair. Initially this interceptor will 
be armed with GAR-1* (Falcon) guided missiles and 2.75- 
inch (FFAR) rockets. In the future it may be armed with 
GAR-IB! as well as GAR-1 missiles and 2-inch instead of 
2.75-1inch rockets. 

The MG-10 system is an extension of the MG-3 rocket 
and missile fire control system, which went into produc- 
tion in mid-1955. Тће MG-3 development was initiated in 
late 1952 when it;became apparent that the MA-1 aircraft 
and weapon control system (then being developed under 
project MX-1179) would not be teady for production in 
time for delivery with the early production units of the 
F-102. The MG-10 system includes, in addition to the basic 
MG-3 components, an automatic flight control subsystem 
and a data-link sübsystem. These give the MG-10 system 
capabilities approaching those of the МА-1 system. 

MG-10 production is scheduled for early 1956 and will 
continue into 1958, when che MA-1/F-102B weapon system 


ode n 


will start phasing out the MG-10/F-102A. 

This report. presents a comprehensive review of the 
MG-10 system. The brief description describes briefly the 
system's capabilities, the, equipmént the system comprises, 
and the operation of the, system during an air defense mis- 
sion. The remaining chapters present detailed descriptions 
of each of the six subsystems of che MG-10 at a block dia- 
gram level. | 

It should be noted that, since the syscem is still under- 
going tests and that thel development of some portions of 
the system is not yet complete, differences may exist between 
the details of the system as described here and as it will 
eventually be when it goes into operational use, These dif- 
ferences, however, will be slight. 


"Те GAR-1 missile Is a semiactive. radar-seeker missile that 
homes on a target illuminated by the fire control radar in the inter- 
ceptor. The GAR-1B missile is a passive infrared seeker missile 
that homes. on the infrared. emissions from the. target designated for 
it by the fire conrrol system. The MG-10 system as. presently de- 
signed will handle both types of missile: 
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BRIEF DESCRIPTION 


The 316-10 aircraft and weapon control system per- 
forms the conventional fire control functions of detecting 


the interceptor's target by radar and directing the inter- 


ceptor's attack. In.addition, the system provides automatic 
communication and flight-control capabilities which relieve 
the interceptor pilot of many complex but mechanical tasks. 
Thus relieved, the pilot is given more time and freedom to 
monitor the over-all tactical situation and to concentrate 
on the more demanding jobs of selecting and identifying 


his target, resolving multiple targets, evaluating che enemy's 


countermeasures, choosing the armament and the mode of 
attack to be used, etc. 

During an interception, the MG-10 system performs 
four primary functions: 

(1) It receives from GCI and presents to the pilot 
the position and altitude of the assigned target and steering 


instructions. for vectoring the interceptor out to meet the 


target. 

(2) It automatically searches for the target by radar, 
presenting che pilót with a display of che targets it picks up. 

(3) When the pilot has located his target and manu- 
ally locked the MG-10 radar onto it, the system automati- 
cally flies the interceptor оп а lead-collision attack course 
for the selected armament. At the same timé, it presents 
the pilot with a steering display so that he may, if he desires, 
fly the attack manually. 

(4) The system prepares the selected armament for 
flight and automatically fires it at the correct time. 

These functions may be varied depending on the attack 
situation. If the target is flying ac extremely high altitudes, 
or if, when the pilot detects the targer, it is flying at a con- 
siderably higher altitude than the interceptor, che pilot may 
set the system for a "snap-up" mode of attack, which ex- 
ploits the superior, climbing and. high-altitude maneuvering 
capabilities of thé Falcon missiles. In the snap-up attack, 
when the radar has been locked on the target, the system 
steers the interceptor on a lead-collision course against the 
target in azimuth only and holds а constant altitude until 
just a few seconds before firing. Then it snaps the inter- 
ceptor up onto a firing course in elevation and fires the 
missiles. This tactic has the advantage of not requiring the 
interceptor to fly to the same altitude as the bomber, thereby 
saving time and allowing the interceptor to operate at an 
altitude where іс is most maneuverable, 

If the operation of the MG-10 radar is impaired by 
enemy countermeasures or by excessive ground return (as 
it might be at low altitudes), the system will enable the 
pilot to make optical attacks. For these, an optical sight is 
provided which directs the interceptor on pure pursuit 
courses for launching GAR-1B infrared seeker missiles and 
on lead-pursuit courses for launching rockets. Steering and 
firing during these attacks, of course, are performed 
manually. 


Іп addition to the РРР funccions discussed іп the 
preceding paragraphs, the MG-10 system performs several 
functions of a secondary) nature. It provides steering signals 
to permit the pilot to maintain a position off the tail of 
another aircraft. This function, called "snake" operation, 
enables an interceptor to follow another interceptor safely 
under conditions of poor visibility or to approach an un- 
known target slowly from the rear for visual identification. 
The system further provides che flight control functions of 
holding the interceptors) attitude and/or altitude or heading 
to relieve the pilot during the intercept and return phases 
of a mission, and it provides automatic flight control dur- 
ing instrument letdown|to flare-out. To assist the pilot in 
navigation, rhe system's kadar may be used for taking fixes 
on radar navigational beacons or for ground mapping. 

Although operational and tactical performance were 
stressed in che design of he MG-10 system, much considera- 
tion was given the problem of maintenance. Features intro- 
duced to simplify maintenance include, in addition to 
maximum accessibility, ithe incorporation of self-test cir- 
cuitry which permits go,Ino-go tests of very nearly every box. 

In the MG-10 Universal Computer, for example, a 
relatively small amount jof internal test circuitry eliminates 
completely the need fot an elaborate external test device 
for alignment and trouble shooting. For che most part, che 
actual computer components are used to check the com- 
puting operation. If a series of tests i$ made; most of the 
computer circuitry is involved. By observing which tests 
succeed and which fail, the technician can isolate the trouble 
to a particular circuit of one of the subchassis of a major 
unit. The operation is such (һас all che testing, alignment, 
and troubleshooting can be done without removing any 
unit of the computer from the interceptor or without 
requiring the technician to bring any equipment to the 
interceptor. 

Another example of self-test circuitry which gives a 
go, no-go check on certain portions of the MG-10 radar is 
a crystal delay line, which receives excitation from the radar 
transmitter main pulse and feeds its output into the radar 
receiver. The inclusion! of the delay line eliminates the 
necessity of carrying a target simulator or equivalent signal 
generator to the aircraft) to determine whether the radar is 
operative, and eliminatés the need. for a range calibrator. 


System Description 


In describing the MG-10 system ir is convenient. to 
break ic down functionally into the following six subsys- 
tems: radar and computing, missile auxiliaries, automatic 
flight control, data link, cockpit, and power supply. These 


| | | 
subsystems and the general Чага flow between them аге 


shown in simplified block diagram form in Figure 1. The 
functions and characteristics of the individual subsystems 


are described in the paragraphs that follow. 
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Locations of MG-10 Equipment in the F-102A. | 


Radar and Computing Subsystem 


The radar and computing subsystem is composed of a 
250-kw conical-scan X-band radar, an analog fire control 
computer, commonly known as the Universal Computer, 
and an air data computer. 

The radar portion of the subsystem provides automatic 
radar searching and tracking, radar ground mapping, and 
interrogation of radar beacons. The radar antenna is so 
stabilized chat normal roll angle and angle-of-attack changes 
will not change the area of search. When the pilot has 
selected his target and locked on, automatic radar tracking 
and the attack Course computation start. 

The Universal Computer computes steering signals 
indicative of the interceptor's deviation from the proper 
lead-collision attack course. The steering signals are pre- 
sented to the pilot by means of a steering dot on his radar 
scope. In a manual attack he flies to zero the steering signals 
(the dor in the center of the scope); in an auromatic attack 
he monitors the signals while the automatic flight control 
subsystem steers (пе interceptor. The computer fires che 
armament at the correct time and after armament launching 
presents а pull-out signal (an X) on the pilot’s scope. If 
the carget-interceptor range diminishes to a predetermined 
minimum value before the armament is fired, the pull-out 
signal is also given. 


ym 


| 
The air data compilter is the central source of com- 
puted air data for the entire MG-10 system. Four basic in- 
puts, static and cotal pressure, stagnation temperature, and 
angle-of-attack are pickéd up by sensors in the airstream. 

Seven computed outputs! are coupled to this and che other 

subsystems: Mach number, true air speed, dynamic pressure, 

true angle of attack, air density (rocket atcacks ), missile “Е 

(missile attacks), and missile and rocket jump angles. 
Some of the morellsalient features of the radar and 

computing subsystern are briefly noted below. 

(1) The radar search range is 30 miles with an 80 percent 

probability of detection! of a B-47 type target at 37,000 

yards. (This is substantially 40 percent greater than for 

the E-4 radar.) 

(2) The radar is tunable ( by the pilot) over a range of 

8750 to 9200 megacycles as a defense against electronic 

countermeasures and cointerceptor interference. 

(3) Two chaff defense] features have been incorporated: 
(a) a range-rate memory circuit which prevents the 
change of lockon from the target to rapidly decelerat- 
ing chaff, and | 
(b) a nose-tail tracking circuit which will track che 
edge of the target [return echo farthest from possible 
chaff recurn. 


“The "FU computed is the optimum value of missile travel 
relative co the interceptor. . 
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(4) Provisions have been made for compatibility with an 
air-to-air-IFF system. Presently proposed are the Hughes- 
developed AN/APX-26 interrogator-responser and the 
АМ/АРХ-27 transponder. 


Missile Auxiliariét Subsystem 


The missilé auxiliaries subsystem is composed of 
analog computing, servo, and control equipment, which 
receives target апа aerodynamic data from the radar and 
computing subsystem, and power from che power supply 
subsystem, and prepares the missiles for launching. 

The operations performed by the missile auxiliaries 
are initiated by prelaunch timing signals provided by the 
Universal Computer. Briefly, che operations are as follows: 
(1) The МС-10 radar transmitter is tuned to a special fre- 
quency in the missile band and its pulse repetition rate is 
set to char of the missiles. 

(2) The missile local oscillators are tuned to a frequency 
60 megacycles below that of che radar transmitter. 

(3) The missile range tracking gates are positioned to 
coincide with the radar range gate. 

(4) The missile seeker heads are servoed into coincidence 
with the radar antenna, chat is, trained on target. 

(5) The gains of the internal control systems in the mis- 
siles are adjusted' in accordance with the altitude and clos- 
ing rate of the particular attack in order that the missile 
aerodynamic performance will be optimum. 

(6) The application of external power, the switching from 
external power tó the missile batteries, and the enabling of 
warhead arming are also performed by the missile 
auxiliaries. 

In the firing of the GAR-1 missiles all six of che pre- 
ceding functions are carried out; for che GAR-1B missiles 
the first three functions аге omitted. 

The missiletauxiliaries subsystem will abort a missile 
attack and present the pull-ouc signal to the pilot under 
certain conditions. These are loss of radar lockon, lockon 
too late for completion of the missile preparation program, 
and a target maneuver causing time-to-fire to occur before 
preparation program. completion. 


Automatic Flight Control Subsystem 


The automatic flight control subsystem ( AFCS) con- 
sists of analog cOmputing equipment which provides pre- 
cise automatic flight control of the interceptor in three 
modes: pilot assist, attack, and landing (AILS). In che 
piloc-assist modet the subsystem functions as an autopilot 
to maintain the: aircraft's (1) pitch and bank attitude, 
(2) pitch attitude and heading, (3) altitude and bank 
attitude, (4) altitude and heading as they жеге when rhe 
pilotassist mode was engaged. In the attack mode the 
subsystem accepts steering signals from the Universal Com- 
pucer and steers the intercepror on the computed lead. 
collision course. The automatic attack run begins after 
armament is selected and radar lockon is achieved. Auto- 


matic steering continues until che armament is. fired or the 
attack aborted. The AFCS then goes into the pilot-assist 
mode until the pilor takes over. In the landing mode the 
AFCS accépts signals from che interceptor's localizer and 
glide path receivers and steers the aircrafr down the ILS 
beam to the flare-out point. During automatic flight, che 
control surface positions are followed at all times by the | 
control stick, and the pilot can disengage the AFCS when- 
ever he chooses by means of a pressure switch on the 
stick. Transition from manual го automatic flight (or vice 
versa) is smooth and зай, since che characteristics of che 
F-102A. damping system, which controls piech damping, 
yaw damping, and turn coordination, are identical in auto- 
matic and manual flight. Electronic limiting of accelerations 
is provided so that, injmaneuvers governed by the AFCS, 
che stall limit of the aitcrafr will not be exceeded, nor will 
the pilot be subjected [о an uncomfortable number of g's. 
The AFCS introduces a very short control time lag, 
relative to the long time lag introduced by che response 
time of human pilots ко steering signals. The shortening 
of the time lag has thrée important advantages. 
(1) Ic reduces the time required for the interceptor to 
get on course for an асбигаге firing run. This is of particular 
advantage in the case of late radar lockons. 
(2) It increases the probability of kill for rockets agatnst 
maneuvering targets. 
(3) Ш improves the probability of kill аг high intercept 
speeds where human response time limitations become 
excessive. | 


Data-Link Subsystem 


The data-link subsystem consists of a radio receiver and 
data-processing equipment for receiving automatic high 
speed digital data transmissions from GCI and for convert- 
ing chem co analog foun for display to the piloc. The daca 
transmitted over the daca link will be that required for 
close control of the interceptor by ССІ: а command head- 
ing to fly, che time remaining until the interceptor reaches 
its destination, the targéc's range and azimuth relative co che 
interceptor, and the tagger's altitude. This daca will be dis- 
played to the pilot on His radar scope by means of a steering 
dot, a time-to-go circl ! and a target marker circle, and on 
a meter, which will indicate the target's altitude. 

The data-link transmission of close control information 
provides many advantages over the voice transmission 
method. Voice transmission is nor reliable, is particularly 
subject ro jamming, and is easily saturated when. che need 
for direction of many aircraft arises. The data link, on the 
other hand, has none of these disadvantages. It is inherently 
more difficult to jam arid contains circuitry which auromati- 
cally rejects data which is garbled or is received when the 
signal-to-noise level drops below a minimum acceptable 
value. The data-link system of which the МС-10 data Пак 
subsystem will form 1 part will be capable of handling 
several hundred interceptors tuned co the same UHF data- 


link channel. With che dara link, the pilot's response to 
r : 
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GCI directions is quickened, since the information is pre- 
sented with ateack-type symbols on his radar scope. More- 
over, his chance of ‘detecting targets at long ranges is greatly 
increased by virtue of the fact chat the target marker circle 
reduces the area on the radar scope in which he has to 
look for the target. 


Cockpit Subsystem: 


The cockpit subsystem contains the radar scope, the 
target altitude meter, а windshield-mounted servoed optical 
sight, a dual grip flight stick (on which are mounted certain 
subsystem controls), and che subsystem coritrol panels. 

The radar scope is used to display an artificial horizon 
and the information derived in the radar and computing 
and data-link subsystems. The target altitude meter indi- 
cates from zero го 60,000 feet che target altitude received 
by the dara-link receiver. The optical sight provides a means 
of target tracking when che radar operation is impaired by 
jamming or intense ground return. The left-hand grip of 
the double-grip flight stick is the radar hand control. Ic 
provides, in part, á means of controlling the radar antenna 
motion, range gate position, and target incerrogation. The 
right-hand grip is used chiefly for aircraft controls and 
armament triggering. 

The МС-10 cockpit subsystem. features a simplified 
scope presentation: Range and time-to-go scales have been 
removed from the scope face and. the closing rate scale on 
the scope periphery 15 arranged го. match clock numbering. 
Only vertical and horizoncal cross hairs appear across the 
face of the scope. The scope is viewed through a polaroid 
filter, which when completely rotated. will permit only the 
red portion of theispectrum to pass, thus greatly improving 
the pilot's night flying performance. 

The radar hand control (left-hand grip of the flight 
stick) is a, significant advance over the hand control used 
in previous sysremis. In the MG-10 control, sideways move- 
ment of the grip controls the antenna in azimuth, as in 
previous controls. However, forward and backward move- 
ment which previously controlled anrenna elevation, con- 
trols the position, of the range mark on che range trace. 
Antenna elevation, which is far less critical in the lock-on 
operation chan range-mark position, is controled by a 
thamb-operated knob. Because the movement of the MG-10 
hand. control more closely matches the movement of the 
range trace and range mark on the radar scope, lock-on times 
with this control have been cut essentially in half. 


Power Supply $ ubsystem 


The MG-10 power supply consists essentially of an 
air-cooled motor-generator unit (a 400-cycle a-c motor and 
three d-c generators on a common shaft) and associated 
voltage regulators’and circuit breakers. The generators’ out- 
purs are 4-300, 4-250, and —250 volts. Low frequency 
regulation is accomplished. by exciting the generators’ fields 
through carbon-pile regulators whose resistances are con- 
troled by the generators’ outputs. The high frequency regu- 
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lation is accomplished |, clampacs, а combination series 
and shunt electronic regulator developed by Hughes. Since 
requirements for --150- vole d-c power аге relatively small, 
this voltage is supplied 1 in a conventional manner by cou- 
pling the output of the 44-250 volt supply through a series 
regulator. | 

This integrated power supply is a major step forward 
in airborne power реаг By eliminating many individual 
power conversion devices and by employing a highly eff- 
cient scheme of voltage regulation, the MG-10 power sup- 
ply provides roughly a fifty-percent saving in weight and 
greatly increased reliability over power supplies of cor- 
responding capabilities used in the past. 


System Operation | 


The operation of the MG-10 system can best be de- 
scribed by following through, step-by-step, the events of a 
typical mission. An interception with the F-102A will 
probably be carried out labour as follows: After the inter- 
ceptor takes off, GCI will direct the pilot onto a collision 
course with a moving offser point from which the inter- 
ceptor can attack the urget most effectively. When the 
interceptor has reached the offser point, GCI will direct it 
approximately onto a cdllision course with the target. The 
interceptor will follow this course until it has picked up 
the гагрег with its отп radar. Then, operating independ- 
ently of GCI, che interceptor will attack the target. The 
sequence of events during interception are described in 
the following paragraphs. 

As soon as the intejceptor is airborne, the MG-10 sys- 
tem starts to receive target data and steering instructions 
from GCI, and the pilt turns his attention to the radar 
scope which appears as in Figure 2. In the figure, the wide 
vertical line represents|the range trace and the broken 
horizontal line is an artificial horizon. The circle in che 
upper portion of the scope is the target marker. It is posi- 
tioned in accordance with data received from GCI by the 
data-link receiver and indicates where on the scope co look 
for the target. Only a portion of the circle would be visible 
if the target were beyond the range of display. The dot on 


the centerline of the scope is the steering dot. It is displaced 


laterally from the center of the scope so as to indicate the 
lateral steering instructions received from GCI. Displace- 
ments to the right indicate that the pilot should turn right; 
displacements to che left indicate that he should turn left. 
As he turns, che dot will move to the center of che scope. 

The pilot steers so 7 со keep the dot centered, and, in 
so doing, puts the interteptor on a Collision course in azi- 
muth with the offset point. The pilot flies to the right alti- 
tude for attacking the target by comparing his own alticude 
with the altitude of the target as received from GCI and 
indicated on the target Altitude meter. 

If the data link were jammed the pilot would be 
warned by the disappedrance of the target marker circle. 
While the jamming persisted, che steering dot would sup- 
ply steering instructions for the last course-to-fly received 


from GCI. When the jamming stopped, the target marker 
would reappear. 

About two minutes before the interceptor reaches the 
offset point, a large circle, shown on Figure 2, appears on 
the scope. This circle, called the time-to-go circle, indicates 
by its diameter the time remaining until che offset point will 
be reached. When the offset point is reached the time-to-go 
circle disappears and the dot moves out of the center of the 
scope indicating chat GCI is sending different heading in- 
formation. Centering the der now puts the interceptor 
roughly on a collision course with the target. As the inter- 
ceptor comes within radar range of the target, che target 
marker circle begiüs to move down into full view. When a 
target appears in the circle the pilot interrogates it by push- 
ing a switch.” This causes all friendly targets to disappear 
from the scope. If ithe target within the circle does not, the 
pilot concludes that it is an enemy. If the targets are weak or 
fading badly the pilot can check the identification by push- 
ing the identification switch in the opposite direction. 
Then, the friendly targets. are intensified. Once the pilot 
has located and identified his target, he selects фе mode of 
attack to be used (if he has not already done so) and starts 
the attack. 

The details of system operation during thë attack vary 
considerably from опе attack mode to the next. For chis 
description it will suffice co describe, first, a radar attack 
with GAR-1 guided missiles, and second, an optical attack 
with GAR-1B guided missiles. 


Radar Missile Attach 


To initiate a radar attack, che pilot locks che radar on 
the carger. To do this he takes control of the radar antenna 
by pressing a trigger on the left-hand grip of the dual-grip 
control stick, moves the grip sideways to align the range 
trace with che target blip, Fig. 3, adjusts the elevation posi- 
tion of the antenna) with the thumb operated knob to get che 
brightest blip, and then moves the grip forward со align 
the range mark with the target. 

When the radar is locked on che target, three changes 
occur in rhe scopé display. The target marker circle dis- 
appears, the sreering dot moves out of rhe center of rhe 
scope, and two concentric circles appear. Flying to center 
the dot now puts the interceptor on a lead-collision course 
with the target, as computed by the MG-10 computer. 
The innér circle serves as à refererice for centering the 
dor. Once the target's range has reduced то 25,000 yards, 
the outer circle. shrinks so as to. indicate by its radius che 
ringe of the target: The position of the gap in the outer 
circle indicates the closing race, which can be read 
„ hundreds of knots from thé scale on the. rim of che display. 
Ac the cime of lock-on the pilot may engage the auto- 
matic flight control system. He does this by setting the 
-AFCS to its attack -mode and releasing the control stick. 
E The system chen automatically steers so as to center the 


.. "Provided the interceptor is equipped with the APX-26 and 
327 fighter identification system. 
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На. 2. Search and Qota-link presentation on radar 
indicator. 


steering dor. The pilot da at any time take control of che 
aircraft again by grabbing the stick. 

As the time to Ring diminishes, the reference circle 
suddenly shrinks. Аг firing, which is done automatically by 
the MG-10 system, the two circles and the steering dot dis- 
appear and an X appears. When the X appears, the pilot 
takes control of the interceptor manually and breaks off 
the attack. | 


TARGET 


DATA-LINK 
STEERING 
DOT 


DATA-LINK. 

TARGET 

MARKER Secr ite | 
CIRCLE ` لن 228 سب‎ ==: 


RANGE GATE 
CURSOR 
ARTIFICIAL 
MAIN т 
BANG р HORIZON 


| 
Fig. 3. Scope presentation during lock-on operation with 
data-link information being presented, 
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It should be pointed ouc that approximately 16 seconds 
are required’ for preparing the GAR-1 missiles for launch- 
ing. Н the pilot locks on the carget so lare that there is not 
time for this, the pull-out signal appears withouc missile 
firing and rhe pilo must break off the attack and make 
another pass. He will also receive the pull-out signal if radar 
lock on is lost. ас any time during the attack. 


Optical Missile Attac 


An optical atrack is generally made if radar operation 
is impaired by heavy ground return. (which may be expe- 
rienced аг extremely low altitudes) ог by enemy jamming. 
The optical attack is flown manually, with the aid of the 
optical sight. For firing GAR-1B missiles, the reticle* of 
this sight is fixed laterally in the center of the windshield. 
After the pilor has located his carget he flies so as to center 
the reticle on the target. (This leads him on a pursuit 
course.) As soon as the pilot is in posicion for attacking the 
target, he partially depresses the trigger for firing the arma- 
ment со а detent position. This starts the prelaunch prepa- 
ration of che GAR-1B missiles. When the preparations are 
complete, as indicated by the lurching of the aircraft as a 
result of opening of the missile bay doors, and when the 
carger is centered and irs wings fill che inner circle of the 
sight reticle, che pilot depresses che trigger all the way to 
fire che missiles. 


Secoudary Functions 


In the foregoing description, only the major modes of 
the MG-10 system'$ operation were considered. The sys- 
tem, of course, has several secondary modes. It will be 
worthwhile here го consider briefly the operational aspects 
of three of these: the snake mode, the pilot-assist mode of 
AFCS, and the landing mode of AFCS. 

'The snake mode, it will be recalled, is provided to en- 
able the interceptor го follow another iriterceptor safely under 
conditions of poor visibility or to approach an unknown 
target slowly from the rear for purposes of identificacion. 
To engage the snake mode, the pilot switches the MG-10 
system to shake operation and locks the radar on the aircraft 
to be followed. He chen steers to center the steering dor on 
the scope. By flying so as co keep the range circle at the 
right radius and the closing rate gap zeroed, the pilot can 
follow the other aircraft accurately and safely at any desired 
interval. (For the benefit of the aircraft ahead, the inter- 
ceptor's armament i$ disabled during snake operation.) 

The pilot assist mode of che automatic flight control 
subsystem is engaged whenever the pilot releases the flight 
stick, provided the flight control system is on and the radar 


®Two concentric circles and a dot optically projected on a com- 
bining glass mounted behind the windshield. 
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is not locked on a target. When engaged, the syscem holds 
the interceptor in whatever bank and pitch attitude the 


interceptor was in when the pilot released the stick. If the 


pilot wishes, he сап, by throwing a switch, cause the systém 
to hold the interceptor's altitude instead of its pitch attitude. 
If the іпгегсергог5 bank angle is less rhan about 5 degrees, 
the automatic flighe control system will level the intercep- 
tors wings and maintain heading instead of bank attitude 
when the pilot releases thé stick. 

If the automatic fight control system is switched to 
the ILS mode, ir continués to perform as it did in pilot 
assist, but, once the localizer beam is intercepted, flies the in- 
terceptor automatically оп| ап instrument landing approach. 


TABLE OF CHARACTERISTICS 


MODES OF OPERATIONS: 
E Attack. (automatic or manual flight) 
. Lead collision: for GAR-1 ог mixéd, GARA 
I | СА EB: salvos: ‘co-altitude or differential 
là cke: (Snap- up). : 
2. Lead 2ئ2‎ 2.15-inch, EFAR 
Optical (mañual. 
1: Pure pursuit b GAR-1B missiles 
2. Lead pursuit: for à 2:75-iüch FEAR 
Snake (manual, non-hring) pursuit course for fol- 
lowing or slowly spproaching another aircraft). 


FLIGHT CONTROL CAPABILITIES: 
pus: assist for. approach: го tatget-and ‘return tó ba 
jomaintains heading, Ог bag 

angle and the*altira бог pitch Attitude)’. 
Automatic: steering Fada lead-collisiGn ийе 


Automatic: stéeri па” Юг. 


‘COMMUNICATION: ‘CAPABILITIES: 
Automatic. reception: and visual présentation to ће: 


pilot of гагиес Posicion and steering instructions 
from GCI. | 2 


“RADAR CHARACTERISTICS: bs 
| Types of O í < еі 


landing approach. САП А 


л - Ашоцайг 11 60,000: yards пах.) with. 
85 pér cent: average cumulative probabilit : 
detection for Bay буре target ас 37,000 yards, 

. Automatt track 30,000 yards maximum. 

3, Beacon — 200 miles maximum 


й . Ground map >: 12100:2115 maximum 


Equipment M 223 28.4 cubic ‘feet 
Installation Provisions ~100 pounds 


سس یت — Intercabling‏ 
ہے | | 
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А. RADAR AND COMPUTING SUBSYSTEM 


This subsystém consists essentially of radar equipment, 
the fire control computer, and an air data computer. Basi- 
cally, che radar is an X-band pulsed-type radar. It provides 
the interceptor with the capabilities of automatic search, 
automatic tracking, and navigation by means of ground 
mapping and ground beacon interrogation. It has been de- 
signed to incorporate a tunable magnetron having a fre- 
quency range of from 8750 megacycles to 9400 megacycles 
and a peak power output of 250 kw. А paraboloidal re- 
flector having a nominal 23-inch diameter provides a beam- 
width of approximately 3.8 degrees at the half-power points. 
The transmitted energy is directed at the reflector from a 
rotatable feedhorn in such a manner that the center of the 
beam is offset from the reflector longitudinal axis by an 
angle of 1.5 degrees. In che automatic search and automatic 
track modes, conical scanning of che beam is accomplished 
by rotating che féedhorn. 

The fire coritrol computer is an analog computer de- 
signed to solve the steering equations for che lead-collision 
and lead-pursuit Courses. In che lead-collision attack course, 
it also generates а firing signal for automatically firing the 
armament. Whea missiles are selected, it also generates 
three signals, which occur at certain computed times. prior 
to the firing signal and which are used by the missile aux- 
iliartes to accomplish certain prelaunch prepárations on the 
missiles. 

The air data computer is a central source of aero- 
dynamic and related output signals. It receives information 
from sensors located in che disturbed airstream, corrects this 
information to approximaté the free airstream condition, 
and uses the information to compute the required quantities. 


Radar Functions 


The radar and computing subsystem performs two 
primary radar functions — automatic searching and auto- 
matic tracking, and two secondary radar functions — the 
interrogation of radar navigational beacons, and ground 
mapping. 


Automatic Search 


When the radar is switched to automatic search oper- 
ation, the spin motor for the antenna feedhorn causes the 
feedhorn to rotate about the longitudinal axis of the ancenna 
ас 75 revolutions ‘pet second. This rotation of the feedhorn: 
causes the axis of the radar beam to rotate about the 
réflector's axis thereby producing a conical scan having a 
solid angle of approximately 6.8 degrees at the half-power 
points. A two-bar scan of the antenna is utilized. One 
tomplete cycle of antenna azimuth. scan requires about 
three seconds during which time a 140-degree azimuth 
angle and a 12-degree vertical angle is covered. 

Sweep voltages generated. in che radar make possible a 


| 
normal search range of 30 miles and a short search. ránge 
of six miles. With the normal search range the pulse repe- 
tition. frequency is 416 pulses per second and the pulse- 
width is 2.35 microseconds. With che short search range 
the pulse repetition frequency is 910 pulses per second. and 
the pulsewidth is 0.5 microseconds. The pulsés are jittered 
in time at a 400-cycle lirate. то prevent two targets, опе at 
twice che range of the other, from. appearing superimposed 
on the range sweep. 

Provisions have Been made for eliminating ground 
clutter. If on the low elevation scan of the antenna, ground 
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clutter causes “оспа” of the display which does not ` 


decay during the high) elevation scan of thé antenna due 
to che persistence of the radar scope’s phosphorescent ma- 
terial, a target detected] оп the high elevation scan will be 
obscured in che ground clutter. When the anti-clucter feature 
is used, this ground clutter video voltage, which has dif- 
ferent electrical characteristics from the target video, is 
prevented from being coupled co che radar display. 

The antenna is stabilized in earth coordinates so that 
it will search the same selected area forward of the incer- 
ceptor regardless of interceptor roll and pitch maneuvers 
(within limits). 


Aniomatic Track 


In order to accomplish automatic tracking of the tar- 
get, the pilot first manually locks the radar on the target. 
When this is done, the|target will be automatically tracked 
in range and angle. 


Lockon— If the pilot 
operation, he switches [ro manual search operation by de- 
pressing the “action switch" on the flight stick. He then 
manually positions the|lantenna in azimuth and elevation 
to searchlight the target and thén moves the range marker 
in range so that it is coincident with the target video. When 
the pilot relinquishes manual control, lockon. is achieved. 
The radar and computing subsystem is now in automatic 
track operation. Thereafter, che target is tracked autórnat- 
ically in. both range andijangular direction. 


Range trackimg — In automatic track. operation, the range 
gate is maintained. coincident in time with the target 
video by circuitry contained. wholly within the radar. Range 
lockon can be maintained with a high degree of success. 
against chaff-dispensing rargets which have an. appreciable 
component of velocity lalong the radar line of sight. Ap- 
proximately two seconds after lockon che range-rate memory 
feature will automatically become effective. This feature sta- 
bilizes the motion of the range gate, causing ir to move ас 
the same rate at which lit had been moving, even when the 
target returh is lost momentarily. As bundles of chaff decel- 
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wishes to initiate automatic track 
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erate rapidly upon encering the airstream, they will have a 
lower velocity than the target. If the range-rate of the chaff 
is enough lower chan che target's range-rate, che range gate 
(being unable to change its rate rapidly relacive to the main 
bang) will continue}tracking the target return. Against con- 
tinuously dispensed, chaff, range-rate memory loses из ef- 
fectiveness. For this|reason, leading or trailing edge tracking 
is. provided. 

Leading or trailing edge cracking requires thar the 
range раге5 position be maintained coincident in time with 
the leading or trailing edge, respectively, of the target re- 
turn. Ш the intercéptor is closing оп the targec off the 
target's nose, the leading edge of the target return will be 


equivalent to the target’s nose. If chaff emerges from the 


tail of che target, which on an attack off the nose will be 
equivalent to the trailing edge of the target return, rhe 
range gate should be positioned so that it is coincident in 
time with the leading edge of the target return. This is 
performed automatically by che radar by placing the nose- 
tail switch on the antenna hand control in the nose posi- 
tion. By permitting the range gate to be maintained 
coincident in timé with the edge of the target return 
farthest from che chaff return, the possibility of chaff 
lockon ís considerably reduced. After lockon the output of 
a nose-tail computér (described іп the last section of this 
chapter) automatically determines whether che range gate 
will be synchronized with the leading or trailing edge and 
the nose-tail switch has no effect. When range lockon is 
maintained, the radar supplies. che Universal Computer with 
a voltage proportional to the range. 

In normal traék operation the pulse repetition rate of 
the radar is 910 pulses per second, jittered. When САК-1 
radar seeker missiles are selected as atmament, the repeti- 
tion race is switchéd to one of five frequencies (nominally 
2000 pulses per second, crystal-controlled) ar the second 
(the missile B signal) missile prelaunch timing signal 
generated in che Universal Computer and the polarization of 
the radar transmissions is switched from linear to elliptical 
at the third (D) signal. The radar transmissions are 
switched from linéar to elliptical so thàt maximum target 
return will be coupled to the missile radar receiver. 


Angular Tracking— Angular tracking of the target is 
aided considerably; by antenna stabilization so that if no 
aircraft maneuvers are made, the antenna will continue 
pointing in the same direction in space, unless it is driven 
by information resulting from radar error signals. Space 
stabilization of the antenna is effected independently of 


Ї . | | 
the radar as a result of aircrafe accelerations оп the rate 


gyros which are mounted on the antenna. The gyros develop 
a signal proportional to the antenna rate of turn resulting 


from interceptor ‘maneuvers. This signal is used by the 


antenna drive motors to reposition the antenna independ- 
ently of radar error. 
If the target 45 not along the longitudinal axis of the 
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radar antenna, the conical. scanning of the radar beam 
causes the target video to|be modulated at a 75-cycles-per- 
second rate. The magnitude and phase of the modulation 
depends on the position of the target with respect to the 
antenna. axis. The modulation envelope is compared with 
a 75-cycles-per-second reference voltage and the resulting 
angular tracking error signal ts coupled го the rate gyros 
(which are mounted on the radar antenna) of the Uni- 
versal Computer. If an angular tracking error exists, the 
outputs of che гасе gyros will be such thar the antenna 
motors will drive che antenna in a direction so 45 co. 
reduce this error. 

On rocket lead-collision attacks off the target's beam, 
the angular rate of the antenna ас lockon is about 1 mil- 
liradian per second, incréasing to about 100 milliradians 
per second at firing. As the rate at which the antenna is 
driven is proportional со the angular error, and as the rate 
is large ас firing, іс can be seen thar che angular error at 
firing will be large. In order for the antenna го track the 
target without large tracking errors as firing is approached, 
an additional signal which increases as the angular rate 
increases is added to rhe radar cracking error signal to 
aid in tracking. This aided tracking signal is the computed 
angular tracking rate (described in the primary computing 
functions portion of this chapter); that is, it is the rate 
at which the antenna should be driven so char no tracking 
lag exists when the interceptor is on the correct lead-col- 
lision course. If the computed angular tracking rate is (00 
small, the tracking error|signal will be developed to make 
up for the difference berween che actual rate and che com- 
puted rate of the line df sight. With aided cracking the 
antenna can track ac over 200 milliradians per second. 

With the radar antenna continuously positioned so as 
to be pointing at the target, the radar furnishes the com- 
puter with che range to|the target, che azimuth angle of 
the antenna with respect to the interceptor's heading, and 
the elevacion angle of he antenna with respect to the 
radar boresight line. This information, and other informa- 
поп generated іпсегпаПу Бу the computer, is used by the 
compurer to compute the aided cracking signal. 


Ground Map and Beacon Operation 


Means of radar navigation are provided by the ground 
map and beacon me] of operation. The characteristics 
of the radar are identical in both of these modes, except 
thar in beacon operation the radar transmits on a fixed 
frequency of 9375 megacyctes and receives on a fixed fre- 
quency of 9310 megacyéles. (the beacon reply frequency), 
while in ground map and in automatic search the radar 
transmits and. receives bn the same frequency, which is 
continuously tunable berween 8750 and 9000 megacycles 
in order to. prevent interference with other radar and to 
avoid jamming. The essential difference between the two 
modes 15 thar in ground map operation the radar echoes. 
are received by the radar, while in beacon operation the 
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radar triggers che ground beacons and receives only the 
beacon replies. , 

In these ewe: modes che radar generates a sweep volt- 
age for the radar indicator, making possible an operating 
range of 200 nautical miles. Normally the radar is capable 
of detecting land masses at slant ranges somewhat in excess 
of 100 nautical miles. In beacon operation, where the tar- 
Bets are active, targets can be detected ас slant ranges out 
to at least che limir of the range sweep. In both beacon 
and ground mapfoperation the pulse repetition rare is 330 
pulses per second, the duration of transmission being ap- 
proximately 2.55 microseconds. The conical scanning of 
the antenna which is provided for automatic searching and 
tracking is stoppéd, and a single bar antenna scan pattern 
is used, with the antenna normally depressed to an angle 
of three degrees with respect ro the horizontal; however, 
the elevation angle of che antenna may be controlled 
within the limits of approximately 15 degrees below the 
horizontal to 35 degrees above the horizontal. Manual con- 
trol of the апсеппа is possible in order to searchlight a 
ground area or а beacon. An expand feature permits any 
20-mile portion iof che range sweep voltage berween the 
limits of five miles to 200 miles in range to be selected 
for presentation бп the radar indicator. As the peak voltage 
of the 20-mile sweep voltage is the same as thar of the 
200-mile sweep voltage, the 20-mile sector of the 200-mile 
sweep 15 effectively expanded over the. entire display. 


Primary Computing Functions 


The primary computing functions of the MG-10 sys- 
rem are performed by che Universal Computer. This com- 
puter performs the necessary computations to enable rhe 
pilot to fly a lead- collision or lead-pursuit course on the 
basis of information supplied to it, in pare, by the radar, 
or to fly а еа4-ригзий course on the basis of information 
supplied by cracking the target with. che deflection optical 
sight. The radar lead- -pursuit (snake) mode is a non-attack 


mode. | 


Radar Lead-Collision Mode 


During chei radar lead-collision mode the Universal 
Computer computes the steering error. This error is dis- 
played го the pilor оп the radar indicator by means of a 
dot whose position with respect to the center of the indi- 
cator is an indication of the amount and. direcrion of the 
steering error. The steering error signal can also be coupled 
to the automatic'flighe control. subsystem. for automatically 
steering che ансгаН. In missile firing attacks che Universal 
Computer generates timing signals, which are used to pre- 
pare the Falcon imissiles for launching, and a firing signal 
for automatically. firing them. In rocket firing attacks only 
the firing signal 15 required. 
\ 
Steering Error Computation — Before discussing the mech- 
anization of thejcomputer to solve the lead-collision fire 
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control problem on rhé basis of information supplied, in 
part, by che radar, it isworthwhile to analyze the problem 
on the basis of flight geometry. 

The correct lead-&ollision course is defined as the 
straight-line course aldng which the inrerceptor will fly 
to the firing point, and ог which the projectiles will serike 
the target after traveling a distance of F yards relative to 
the interceptor. It is jassumed that the interceptor and 
target velocities are constant and that the target flies a 
straight-line course. А |сопуепіепс way of getting on rhe 
proper course is to compute the distance, M, by which the 
projectiles will miss ché target if the interceptor continues 
on its present heading.|The change in interceptor heading 
necessary to reduce М] го zero is then computed, and а 
steering signal proportional to the change is supplied to 
the pilot. The interceptor is then steered to obtain a null 
in chis signal. When diis is done, the computed miss will 
be zero and the interceptor will be on the desired course. 

Since the directioh and the magnitude of the miss 
depends upon the instant of time for which the miss is 
computed, it is necessary to specify this time. А соп- 
venient choice is to specify that che miss will be computed 
for a time T seconds from the present, such that there will 
be no component of the miss along the present line of 
sight to the target. When the interceptor is on the proper 
course, T will represent the time until. projectile impact 
with the rarget and will thus serve co determine the proper 
firing point. That is, ifl it takes the projectiles Ty seconds 
to travel F yards relative to the interceptor, chen the proper 
firing time is when T == T Т. 

While the fire control problem is three dimensionai 
and a complete solution to the problem must necessarily 
be based upon a threezdimensional analysis, ап insight to 
the problem can be gained by examining a two-dimensional 
case as shown in Figure 1. The equations for determining 
M and T will be derived by reference to this figure. By 
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Fig. 1. Two-dimensional geometry of the lead-collision 
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inspection of the! figure, the following equations can be 
written: | 


(МЕТ + Е) cos@—=R+VeT cos А , (1) 
and 

(УТ + E) sind =M + VgTsinA . (2) 
Solving equation (1) for T: 


В — Е cos 0 


I= Vy cos 8 — Vp cos А 


(3) 


Solving equation (2) for M, 
M = (У; sin 9 — Vn sin A) T+ Есіп0 . (4) 


In examining equations (3) and (4), ic can be seen 
that Ув and thejangle A cannot be measured from the 
interceptor. However, it will be noted that these quantities 
can be used as terms which comprise quantities which 
can be measured. Thus, referring to Figure 1 again it can 
be seen that: 


В == Vn cos A — Мр cos 0 К (5) 


where R is the ránge rate and is negative when the radar 
range is decreasing, and 
: Ме sin — Ув sin А 
наве = 3 (6) 
where ша, the space rate of rotation of the line of sight, is 


positive in che clockwise direction. 
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Fig. 2. Simplified block diagram of computer showing steering signal generation. 
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Substituting (5) in (3) we obtain 


iR — F cos 8 | 


which can be rewritten jas: 


: P F 
Raa тр cos 6 : (7a). 


| 


Substituting the numerator of equation (6) in equation. 
(4) we obtain: 


M == Ко, Т +4 Fsinê , (8) 
which can be rewritten as: 

M Е. | 

Эр = Eos + T sinê . (8a) 


Equations (7) and (8a) give M and T in a form 
which can be mechanized in the computer. 

The óutput of the|rate gyros mounted on the antenna 
is the space rate of rotation of the tracking line. Because 
of the action of the radar tracking loop, che line of sight 
and the tracking linejare maintained coincident. Thus, 
wa, the space rate of rótation of the line of sight, can be 
obtained from the azimuth rate gyro. As it is obtained by 
measuring the rate gyro output it will be designated as 
Gd(measured)y. Thus, Real of equation (8а) can be written 


as Код (measured)- 
When the miss has been reduced to zero, Код will 
be equal to —F/T sin|0. Because —F/T sin 0 is a com- 
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puted term, it ig often expressed as Rwaeomputeay: Thus, 
К оа(сотрисва) 15 defined as being equal to —F/T sin 6. 
Equation (8a), then, can be rewrittén as: 
"M 
qu мын : Rou (measured) Sm Код (computed) . (9) 
I 
It is desirable to present the piloc with a steering 
signal whose deviation from a centered position is. pro- 
portional to the langle-co-turn-through to get оп a lead- 
collision course at that particular time. This angle, 8, is 
shown in Figure 1. It can be seen that a change in heading 
of 8 degrees willireduce che miss to zero. For small steer- 
ing errors, the approximation, 
M 
| бе === , (10) 
i VrI+F 


У ЛЭ" . i 4 
which relates the miss to the angular steering error, is valid. 
Equation (10) can be operated on in. the following 
manner: D 


)دب 
T‏ ۱۱۷ 


ВЕ). өн 


to put ir into a fórm so that it can be readily mechanized. 


Generating the Steering Signals — The mechanization of 
the..steering error] compiitation is shown in Figure 2. The 
subtraction indicated by equation (9) is performed at sum- 
ming point II and the result is coupled to a circuit called 
the steering amplifier, which multiplies. it by a scale factor 
(К), which is a.function of Т. In order to produce the 
measured Ry, term (written as Rom in Figure 2), the com- 
puter multiplies the range from the radar with the wa (writ- 
ten 25 wm. іп Figure 2) from. the azimuth rate gyro mounted 
on the ancenna. In order to produce the computed Код term 
(written as Ros), the computer must solve for the 1/T 
terii arid multiply it with the F term. In the lead-collision 
course the value of F for missiles is computed in the air data. 
computer, while the value of F for rockets is generated as 
a fixed: voltage by the fire control computer. One of these 
values. Of Е is coupled to a closed-loop, servo, which com- 
putes-the 1/T term in accordance with equation (7a.) This 
servo-operates in 4 manner such that when the value of 1/T 
with which R andi Е in equation (7a) are multiplied is such 
that both sides об equation (7а) have the same value that 
value of 1/T is the correct value for che particular instant 
of the-atrack. Т hel term F/T is, of course, multiplied by the 
term cos 0 before, i it i$ combined with R/T and compared 
р with —R. E/T is multiplied by cos 8 by coupling F/T to 
the azimuch resolver mounted on the radar antenna. One 
‘output: of this resolver, then, is F/T cos 0 and the other out- 
| put is F/T sin 6; When the value of F/T cos 0 is such that 
| | 


1/T has the correct value, then F/T sin @ is. equal to the 
computed Кол. The range rare (R) i$ derived by differen- 
dating che range voltage supplied by che radar. 

In a manner similat to the above ic can be shown, that 
fot Ње two-dimensional lead-collision case the elevation 
steering érrot can be determined by taking the difference 
between the measured and computed Ro; (where ws i$ the 
elevation rate of che thacking line) and multiplying this 
result by a scale factor which is à function of T. In this case 
the computed Ru; is equal to E/T cos ۵ їп с and the F/T 
is coupled to the elevation resolver mounted on the adtenria. 
to produce this term and F/T cos 0-сов €. The latter is used 
in place of F/T cos 0 іпігһе equation. which is used in com- 
puting 1/T. Of course, in che elevation case all tëtms in this 
equation are those for only the elevation. plane: 

In the three-dimensional problem the.azimuth and ele- 
vation steering errors аге determined in the same manner 
as for the two-dimensional case, chát is, thé computed Воз 
are subtracced from the ہو سن‎ Ros to produce M/T and 
this function is multiplied by the scale factor T/( VeT-+ E). 
However, in this case thé computed Ro's are modified by 
the fact chat the attack 4s being flown in three-dimensional 
space, thereby requiring chat the effect of the azimuth. and 
elevation angles be taken into account simultaneously. In 
addition, che effecr of róll on armament drop must be con- 
sidered with respect со both vertical and horizorital planes, 
and the effect of armament jump angle, which is computed 
in the air data computer |(see the secondary computing func- 
tions portion of this chápter), on the elevation error signal 
must also be considered 


Smoothing and Quick) Indication — The radar angular 
tracking error voltage, which is coupled to the rate gyro 
inputs to maintain coincidence between the line of sight 
and che tracking line contains scintillation noise. This noise 
appears on the measured angular rate signals at the output 
of the rate gyros. If these noisy rate signals were allowed 
to be summed with the Reairompureay term, che input to the 
steering ampliher would be noisy and this in turn would 
be reflected in the movement of the steering dot. The 
result would be that an|unflyable steering signal would be 
presented co the pilot. 

One method of removing this noise from the gyro out- 
put is to pass the signals through a smoothing filter be- 
fore it is coupled to the summing point. Unfortunately, in 
smoothing the noisy signal, a lag inherent in the filter is. 
introduced. Thus, when the pilot maneuvered. the inter- 
ceptor in order to zero ће steering error, а small period of 
time would pass before a movement of the steering dot 
became apparent. This} would cause the pilot to over- 
maneuver and ап oscillation of the steering dot would occur. 

To overcome this lag, another signal can be added to 
све noisy rate signal at the input со the smoothing filter as 
is shown in Figure 3. Resolving the gyro output into two 
parts, a noise-free term! proportional co the angular rate 
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Fig. 3. Simplified computer functional block diagram showing smoothing and quick indication. 


signal, and a term which represents the noise superimposed 
on the noiseless rate signal, it can be shown. mathematically 
that if che time dérivative of the noise-free term is added 
to the gyro output, che lag will be eliminated. It remains, 
then, co determine!how the gyro output can be modified so 
that irs time derivative can be mechanized easily and in a 
noise-free manner.!It turns out that if the wimeasurea) term is 
multiplied by Rš, the time derivative of che product will be 
Ra,, where a, is che acceleration normal to the interceptor's 
heading. The termja, can be roll resolved into two compo- 
nents — one perpendicular to the plane of the wings, the 
other parallel to the plane of the wings. For conditions of 
coordinated flighr, the lift acceleration is normal to the plane 
of the wings. Thus, che component of a,, perpendicular to 
the plane of the wings, is the algebraic sum of the lift 
acceleration, L, and the component of the acceleration of 
gravity, g, perpendicular to the plane of the wings. The 
component of а,, ‘parallel to the plane of wings, is equal 
to the component,of g, parallel to the wings. As g has a 
value of 1, its components сап be generated by roll resolv- 
ing a fixed voltage. L can be obtained as а noise-free term 
from the lift accelerometer. Each of these components of 
а, (multiplied by R) can then be coupled to the summing 
point at the input to either the azimuth or elevation smooth- 
ing filter, thereby (quickening the response of the steering 
dot to interceptor maneuvers. These components of Ra, are 
called quick-indication terms. 

During interceptor roll, the azimuth and elevation rate 
components of ћејгаке of the tracking line will change, but 
the vector space fate of the tracking line, of course, will 
remain essentially unchanged. As a result, the output of one 
rate gyro will be reduced and the output of che other will 
be increased by а; proportional amount. These changes in 
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gyro output will occur at a rate which is proportional to 
the roll rate of rhe tracking line. Because of the effect of 
the smoothing filter upon fast varying voltages, there would 
be an undesirable lag at the output of the smoothing filters 
to the change of voltage at the input, if additional quick 
indication were not provided. Since the amount of lag will 
depend upon the rate об change of the input voltage, and, 
as this rate is a function of roll rate of the tracking line, the 
amount ОҒ quick indication should also be a function of 
this roll rate. Roll rate of che tracking line, wr, сап be ob- 
tained from a third raté gyro (called the roll-rate gyro) 
mounted on thé antenna! Because of the cross-coupling of 
the change in one channel to the other channel, the quick 
indication requires that the output of each smoothing net- 
work be multiplied by а; (see Figure 4) and used as the 
quick indication term in the other channel. This is often 
referred to as cross-roll Quick indication. 


Generating the Timing land Firing Signals — In addition 
to furnishing the pilot|and the automatic flight control 
subsystem with smoothed and quick-indicared steering 
signals in the lead-collision mode, this subsystem also pro- 
vides the missile preparation and firing signals, and the 
rocker firing signal. 

In a preceding section it was seen that if the F used in 
the steering equation is а fixed distance and if the target 
does not maneuver, the l'interceptor will fly a straight line 
course providing the steering error is held. to zero. In the 
case of rockets it is possible го select one value of Е (nomi- 


nally 500 yards), which will optimize the probability of hit 


and still provide safety from collision for all arrack situa- 
cions. Missiles, on che other hand, must travel considerably 
farther (nominally 5000 yards) relative to the interceptor, 


CONFIDENTIAL 


Sa RE کے ج‎ 


| 
| 
| 
| 


CONFIDENTIAL 


at the end of thé boost, when guidance takes over, there 
тау be an error, which must be zeroed out. It requires a 
certain amount of time for the missile to correct out these 


errors; at.low altitudes where the air is dense, the missile. 
' responds: more rapidly to control signals and requires less 


time to get on course, than at high altitudes. Thus, the 
missile F, although fixed for any one altitude, will be shorter 
for low alticudesithan for high altitudes. The missile Е is 
mechanized as а ‘function of ра (air density X speed of 
sound), which i isi a measure of altitude, in the air data com- 
puter and. coupled to the fire control computer. Steering is 
predicated on the facr that if the projectiles. are released 
when the distance they will actually travel relative to the 
interceptor is equal со: the fixed distance, a hit will result. 
It now remains го Бе determined at what time the projectiles 
should be released. 

As rocket impact will occur prior to burnout, the rock- 
ets will be accelerated during their total cime of flight. Thus, 
the distance they; travel can be computed as F = 1/207 رم‎ 
where a is their acceleration and Те is their cime of flight. 
As this F (ballistic F) is a function of the time of flight, 
it is usually written as F(Tp) to distinguish іс from the 
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Fig. 4. Simplified computer functional block diagram showing cross-roll quick indication. 


fixed F. Rocket accelerátion will vary with air density and 
propellant cemperature|and can be mechanized by causing 
a fixed voltage to be varied in accordance with. the magni- 
tude of these parameters. Ty can be mechanizéd by using 
the same T (that is, the time from the present until pro- 
jectile impact) as used|in the steering equations. Thus, as 
the time со go decreases, F(T) will decrease until, when 
іг becomes equal со the} fixed Е, firing will occur. Аг firing, 
T will equal Те. In the actual mechanization, a is multiplied 
by T to produce F ста)! Т, chat is, the average rocket veloc- 
ity. This is done со simplify the mechanization. This term 
is compared (see Figure 5) in a coincidence circuit with 


the F/T of the steering}equations and when they are equal, | 


a relay will close, coupling a voltage (called the E or firing 
signal) to the intervalometer, the door opening mechanism, 
and the radar indicator. A pull-out signal (an X) will 
appear on che indicator, the doors will be opened, the 
intervalometer timing will be started, and the rockets will 
be fired, 

In order to permit the pilot to concentrate: on eleva- 
tion steering, which is priore critical than. azimuth steering, 
provisions have been made to vary the time of rocket firing 
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Fig. 6. Simplified functional block diagram of missile ballistic circuitry. 7 
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to either before or after the time when T — Ty. This is 


done (see Figure'5) by coupling a portion, B(3), of the 


output, à, of thei azimuth steering error channel co the 
proper side of the coincidence circuit and adding it to 
che voltage on that side. The signal from the azimuth steer- 
ing amplifier is cilled the release time correction signal. 
As missile impact occurs after burnout, thé missile 
F(T») cannot Бе! mechanized in the same manner as the 
rocket F( Tr). The mechanization of the missile F(T) 
assumes that the imissile acceleration is constant prior to 
burnout and that the missile velocity is constant from burn- 
out to impact. As both the missile acceleration and velocity 
are functions of ipropellant temperature and altitude, the 
mechanization must include pa and propellant temperature. 
As in the case of rockets, Е(Те) /Т, the average mis- 
sile velocity from Hiring to impact, is produced rather than 
F(Ty). ЕСТь)/7 is produced in accordance with the re- 
lationship 17 = V, — V,(t/2 + T,)/T, where 
Va = burnout velocity, ty = boost time, and T, = advance 
time. As сап be seen from Figure 6, У, (multiplied by a 
scale factor) is computed as a function of pa and propellant 
remperature. V, isichen coupled to one side of the secondary 
of a transformer 404 to an electrical network comprised of 
resistors, which are selected by means of a stepping relay, 
and a porentiomerér, whose wiper is positioned in accordance 


with Tom. The дири of this network V,,(t,/2 + Та) /T 


is then coupled to the other side of the secondary of the 
transformer. F(Tà 4) /T appears at the primary of the trans- 


former and is coupled co one side of a coincidence circuit. 


F/T Кога the air data computer is coupled to the other side 
of tlie coincidence circuic through a transformer, Bach time 
the two voltages. at the input co the coincidence circuit be- 
come equal, the coincidence circuit will become activated 
and cause. che stepping relay to step in succession from A 
to E. First coincidence will. normally occur approximately 
40 seconds in advance of the time thar F(T) /T = F/T. 
Second: and third) coincidences will normally occur at ap- 
‘proximately 15 seconds: and 2.6 seconds, respectively, in 
advance of the time when F(T) /T = F/T. When 
ЕСТЬ) ZT == F/T, the relay will step Кот D to E. These 
signals (known respectively as the A, B, and D signals) are 
used by the missile auxiliaties to begin certain missile pre- 
launch préparations. The coincidences will occur at the spec- 
ifed times: prior © the Е(Те)/Т = F/T condition only if 
lockon ‘has 3 ptior to 40 seconds before the E signal 
is delivered arid if the саг ёс does not maneuver. If «безе. 
criteria are iot met, time expansion or time compression 
(discussed. in ће missile preparation program section of 
the missile. auxiliary subsystem chapter) will occur afid the 
advance signals Will be varied accordingly: On the last 
coincidence the relay closure will cause a signal (the E 
signal) to be coupled to the incervalometer to initiate the 


. missile: firing procedure. A pull-out signal will be coupled 


k го гре radar indicator approximately three seconds after the 
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Е. signal. (The first missile of a salvo will be launched а few | 
tenths of a second. after|the E signal) If, for some reason, 
the actack must be aborted, the abort or pull-out warning 
signal will be coupled та the radar indicator from the arma- 
mént control circuitry. 

When rockets are used as armament, the computer will 
supply the radar indicator with a pull-out’ warning signal, 
if for some reason the rockets аге not fired when the proper 
point in space is reached. This will occur when the range 
diminishes to 200 yards. When missiles are used, pull-out 
warning will occur at 1000 yards. 


Optical Lead-Pursuit Made 


As in the lead-collision mode, tnputs required by the 
computer during the optical lead-pursuic mode are range, 
range rate, and space raté of che tracking line informa- 
tion. However, because| no provisión has been таде for 
the radar to be operative during the optical lead-pursuit 
mode, this information |rnusc be supplied by other means. 
In the MG-10 system, range and range rare are furnished. 
to the computer as fixed voltages, their magnitude being 
dependent upon rhe суре of target being attacked. These 
volrages are selected by [means of the target selector switch 
on the optical sighthead |) described in the cockpit subsystem 
chapter). The range supplied is that which will occur ас 
firing. Interceptor speed advantage is supplied rather than 
range rate, but at firing, speed advantage and range rate are 
equal. When the ràdar|is operative, the target is tracked 
automatically. In. the optical leàd-pursuit mode the pilot 
performs the tracking Ьу lying the interceptor so as to keep 
the antenna (and аа the optical sight reticle, which is 
slaved to the antenna) [pointing at the target. The output 
of the rate gyros will then be equal to thé space rate of 
the cracking line. 

If, che information| supplied to the computer during 
the lead-pursuit mode is correct at all times the lead angle 
will be correct and che interceptor will be on a true lead- 
pursuit course, that is! it will be continually in firing 
posicion. However, the|infoórination actually supplied the 
computer during the lead-pursuit mode will be correct only 
at firing (and chen only approximately correct). Hence, che 
lead angle will be too small before firing and coo large after 
firing. As a result, the coursé flown by the interceptor will 
differ from a lead-pursuic course. However, at some point 
the courses will intersect and at this point, the lead. angle 
will be correct. The pilot knows when the lead angle is cor- 
rect when rhe target's lines fill. the reticle. In che MG-10 
system provisions. have |been made for only rockéts tö Бе 
fired in the optical lead:pursuit mode. 


Computation of the Lead Angle — At any instant of time 
the geometrical relations of che léad-pursuit attack are 


identical with those of the lead-collision attack, see Figure 


1. Ir will be noted chat lin the lead-pursuic attack, Е is the 
distance the armament [travels rélative to the interceptor 
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Fig. 7. Mechanization of the computer in the optical lead- pursuit 8! to determine Ёо. 


during the ргојесије rime of flight, while in che lead-col- 
lision attack F'ís a fixed distance. In che lead-collision 
attack, ic will bé recalled, if the projectiles are fired when 
their time of flight equals the time from the present until 
the miss parallel co the present range to the target is zero, 
the miss will be M. In the lead-pursuit асаск, if the pro- 
jectiles. are Еге поз (when che miss parallel co the range 
is zero) and théir rime of fight is equal то the computed 
time of flight, the miss will be M. In order to differentiate 
between the leád-cc'l'sion arid lead-pursuit F's, the lead- 
pursuit F is written as Е(Ть) to show сһас F 15 a func- 
tion of Тү. 

As in the lead-collision case (equations (7) and (8)), 
the following relations can be evolved: 


| т, Ee) اہ‎ (12) 
IM = RT, + ЕСТ.) sin? (13) 


By applying the same reasoning with respect to the 
miss to equation (13) as was done in the lead-collision 
case, the following can be written: 

р 
шыны сэн Коц (computed) = = (14) 
F 
As can be seen! from equation (14), when Rwaimensuren) 
and اح ھا‎ are equal, the miss will be zero. It will be 
noted that these equations have the same form as in the 
lead-collision fire control problem. 

In the optical lead-pursuit mode ir is not possible to de- 

termine whether or not the lead angle is correct due to the 


absence or presence of a steering error, as could be done in 


the radar lead-collision! mode. If ic were possible, che reticle 
would be positioned (0 the same angle as the antenna plus 
the amount of the angular steering error. Because of the lack 
of a radar error signal, it is not possible co compute che: 
angular steering error] However, it is possible to determine. 
indirectly whether or пос there is a steering error although, 
it cannot be determined as an angle-off-course. This is done 
by performing the subtraction indicated by equation (14). 
As in the lead-collision case, Rwymeasureay is а measure of 
thé actual space rate jof che antenna and is obrained di- 
rectly as an output обуће rate gyro. The determination of 
Rwaceompurens for the two-dimensional lead-pursuit case 15 
based on the solution of a relation which has the same form, 
as equation (7a), that is: 

5 ЕКТЕЛ 


ЖЗ Ші: 


То T- s 6 (15) 


In the rocket lead-collision mode the ballistic Е (їе, 
F(T») |, which is the same as the F(T») of equation 
(15) is computed as à function of air density, temperature 
and T. In turn T is|compured in accordance with equa- 
tion (7a), which has che same form as equation (15). In, 
equation (7a), Е is a fixed value; the other terms are avail- 
able as measured quantities, and T is the only unknown. 
Thus, Т is computed separately and used to compute the 
ballistic F |1.е., Е (Те) |. In examining equation (15) (the. 
mechanization of whieh is shown in Figure 7) it will be 
noted that T is not the only unknown, F(Tr) being the 
other. Hence, che І/Ге term is used to compute simul- 
taneously both F(T») (for it is a function of Tr) and! 
Е(Ть)/Ту. The F(Tk)/Ty term is then coupled to a 0 
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resolver which forms part of a closed loop servo, multiplied 
Бу cos Û and. used in the closed loop servo to compute 1/Тр 
in accordance with‘equation (15). The other output of this 
resolver, (ЕСТЕ) ЛГ) sin Û, is chen equal to Ко цсозрагей) 
as tn the lead-collision case. 

In the lead-pürsuir mode, the range rate is set in the 
computer to solve (ог L/Tp as one of four fixed voltages, 
the selection of which depends upon the speed advantage 
of the interceptor. This speed advantage, of course, is equal 
to the range гасе ой!у when the interceptor is flying directly 
behind the target and if boch aircraft are flying ас velocities 
such that the estimated speed advantage is correct, Because 
the speed advantage approaches the range race as the attack 
progressés, becoming nearly equal to the range rate ас the 
firing point, ir іѕ ай accurate enough approximation for the 
computation of the lead angle which is required со be 
correct only at firing. 

The range voltage set inco rhe computer (to solve for 
1/Ty) is the sum: of two voltages — one being a fixed 
voltage equal to ché potential equivalent of the reticle range, 
the other being proportional to the interceptor speed advan- 
саде. Thus, rhe computer range voltage depends upon the 
setting of the carger selector switch on the optical sight- 
head but remains constant throughout any one attack, 

The mechanization of the computer for the fixed range 
optical mode requires гһас che attack be conducted in two 
phases. In the first: phase in the two-dimensional case, the 
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inputs to the rate gyros consist of the computed w (which, 
as in the lead-collision Case, is called the aided tracking 
signal) and the output of the sreering amplifier. (See Fig- 
ше 8.) The input to ре steering amplifier consists of che 
Кореа) term. This term is amplified by a constant, di- 
vided by Ть and the result summed with the aided tracking 
signal before being coupled co the rate gyro, By dividing 
Refcompnteay by Tr, the Output of che steering amplifier is 
made dependent only upon the magnitude of the lead angle 
0, increasing as ۵ increases. This can be seen by substituting 
a value of F( Tr) = ۱/22 Тр? (for rockets) in the expres- 
sin 6. The Женеше) voltage 
| Tr 
(ie. 1/2 asin 0) ас the [input to the steering amplifier will 
always be of such a polarity in Phase I chat the output of 
the steering amplifier will tend to precess the antenna in a 
direction so as to reduce|the input and hence @ to approxi- 
mately zero. The aided itracking signal input to the rate 
gyro, which is a lower amplitude signal than the steering 
amplifier output, reduces! the amount of steering amplifier 
output thar is needed со [move the antenna at a given rate. 
Thus, in Phase I of the fixed range mode, where the com- 
puter is caged, the inpur$ to che rate gyro will act to over- 
come the effect of che antenna stabilization loop. It can be 
shown char in the three-dimensional case where che jump, 
drop, and roll angle terms are taken into account, the angle 
го which the antenna i$ finally precessed is the ballistic 
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Fig. 8. Simplified functional block diagram showing mechonization of the computer for the optical mode. 
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lead angle. With che antenna. (and hence the optical sight 
тенсје) pointing approximately dead ahead, the pilot flies 
thé interceptor to keep the réticle.on target. The output of 
the gyro (өше ЭРЭР | will then be equal to the turning 
rate of the interceptor. It is necessary that а tate be allowed 
to build up in the system. so thar when Phase II is entered, 
the antenna will Бе precessed to the proper lead angle. In 
the radar lead-cóllision. mode, rhe rate of the cracking line 
was measured eprirely by the radar tracking loop. In the 
optiéal mode, chis rate 15 the result of intercepror maneuvers. 
If, after Phase li were entered, che pilot flew the interceptor 
without turning, the rate of the tracking line would de- 
€réase to zero and the antenna would again be precessed 
to the ballistic-léad angle. 

In beginniig Phase II of the attack, the pilot uncages 


the computer. This action causes. thé. outputs. of the rate 


gyros to be coupled to the summing point at the input co 
the steering amplifiers through the smoothing filters in the 


same manner as in the lead-collision case. During Phase 


II, then, the output of the azimuth steering amplifier is 
proportional to che difference between Rwgaimeasureay and 
Које edd: If «реве two voltages are not equal, an error 
signal will аррес at the input го the steering amplifier. The 
output of све stering amplifier is summed with the aided 
tracking: signal. at the input to the rate gyro. The resultant 
signal causes rhe, antenna to precess in a direction so that 0 
will assume a value that will cause Ва (сопииеа) to become 
nearly equal to ہے‎ Аз the steering amplifier is a 
high gain circuit, the error signal will be very small. The 
aided tracking signal is used to. reduce further the error 
signal which muse be sustained at the input to the steering 
amplifier in ordér to precess the antenna. 

In the optical mode, it should be noted, the output of 
the rate gyro is the measured rate of the tracking line but 
not necessarily che measured rate of the line of sight as is 
réqitired by equation (14). These two rates will be equal 
only when the pilot steers the interceptor so as to keep the 
reticle on the target. When the reticle is kept on. target 
then, the conditions required to make the right-hand side 
of equation (14) equal to zero will have been realized and 
the lead angle will be correct. Thus, the pilot performs the 
dual functions о tracking the target and generating the 
correct lead angle by turning the intérceptor at a raté so 
that. the tracking line and the line of sight have the same 
turning rate. | 


Smoothing and \Quick Indication — At the instant of ün- 
caging, the input to the smooching network will be a step 
of voltage. If this step of voltage appeared ac the output 
of the smoothing network, the ancenna would bé precessed 
to some lead angle: at a rate faster than the interceptor 
could turn and the reticle could not be kept on rhe target. 
However; there i Š some lag in the network even with quick 
iñdication-and che voltage at. its output builds up smoothly, 
thereby permitting the pilot, under nórmal conditions, to 


E 


20 i 


keep the гесісіе on target during the initial portion of 
Phase И. If che reticle) were kept on target during Phase І 
and if the pilot did [nor increase his turning rate after 
Phase II. were. initiated, the reticle would position. itself to 
à lead angle-which was correct for the rate of the line of 
sight during Phase I. | 
The smoothifig апа quick indication features of this 
system. are needed nót only for proper response of the 
optical sight at the beginning of Phase II but also through- 
out. Phase II. ver features, if the reticle begins 
to move off target and the pilot changes the turning rate 
of the interceptor to bring it back on target, che only term 
which would be changed so that the target could be re- 
acquired would be ۸ (Because of the finite period of time 
required for the interceptêr to turn in order to change 6, 
there would be a lag in the reticle movement. As che pilot 
continues со Сага со hange Û Бу an even greater amount, 
the change іп 0 would soon build up to ап amount that! 
would cause the reticle to overshoot the target. The pilot 
would thën change his turning rate in the opposite direc- 
tion and thé чазо would be repeated. As a result, the 
recicle would oscillate about the target and an unstable con- 
dition would result. Bécause the quick indication term, be- 
ing derived from aircraft accelerations, is essentially a rate, 
term its effece will be evident before the effect of a change. 
in lead angle. Thus, 45 the interceptor maneuvers, the oüt-, 
put of the smoothing fiker and, therefore, the direction. of 
the ancenna in space will be changed almost immediately. 
Quick indication [will not entirely overcome the effect, 
of antenna stabilization, so as the interceptor turning rate IS, 
for example, increased to bring che reticle on target, the 
antenna will not immediately türn with the interceptor and 
the lead angle will increase. The increase in lead angle will 
be reflected by a proportional increase in the aided tracking 


signal and Ко (сори) both of which are functions of the 


lead angle. As a result, che output of the rate gyro will 
assumé а value which is equal to the actual rate of the track- 
ing line plus an amount which is proportional to the increase 
in chë computed rate of the tracking line. If the latter por- 
tion of the rate gyro optput г appeared at thé summing point 
at the input tó che stebring ainplifier, che lead angle would 
tend to increase in order co reduce the input’ of the steering 
amplifier to zero. If the lead angle increased, the same un- 
stable condition as described i in the above paragraph would 
result. As the lead. angle increases fapidly in comparison to. 
chariges of the actual rate of the line of sight, by smoothing 
the gyró. output only: thé undesired portion due to the in- 
crease in lead angle will be smoothed and the desired por- 
tion will be relatively [unaltered. 

In attempting tol give a physical description of the 
action of the smoothing and quick indication features. in. 
the: optical mode, each has been considered as performing. 
its function independently. Actually, а more rigorous mathe- 
matical treatment would show that together both operate 
on the voltage representing the fate of the cracking line 
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| 
to produce a аде equal tò the rate of the line of sight 
plus a voltage proportional to the tracking error rate (che 
difference between the rate of the line of sight and che rate 
of the tracking line). Аз this latter cerm has the chiafácter 
of noise, it is reduced by the smoothing action of thie filter. 
Thus, even with la tracking error, the output of che filter 


is very nearly equal to the rate of the line of sight. Any 
aircraft maneuvet made to bring the reticle on target cán 
then be interpreted as changing the tracking error rate. 
Due to the action; of the smoothing filter on this term, there 
will be little change in the voltage ас che output of the 
filter. The reticle’ will then almost immediately turn with 
the interceptor sd that іс can then be brought-on target: 


Snake Mode | 

The зпаке mode is а non-attack mode in which the 
computer configuracion is nearly identical to thar described 
in the previous Section for the rocket lead-pursuit mode. 
In che snake mode, the target is tracked in range and bear- 


. l „e 4 . Me ; 
ing, the computer being furnished with the necessary radar 


information to dévelop steering signals for presentation on 
the radar indicatér. Steering’ signals are not coupled to the 
auromatic flight éontrol subsystem in chis mode as can Бе 
done in the radar lead-collision mode. If the pilot flies che 
interceptor so as to keep che steering dot on the radar 
indicator centered, the interceptor will be directed along 
a lead-pursuit coürse. After a short time, the interceptor 
will be directly off the tail of the target, remaining in this 
position as long às the steering dot is kepr centered. The 
"target" in chis mode is, of course, another interceptor of 
the same group. Ordinarily, this mode will be used when 
visual contact among interceptors of a squadron is impos- 
sible due to poorivisibility. 


Secondary Computing Functions 


The secondary computing functions of the radar and 
computing subsystem are performed by the air data com- 
puter and rhe nose- tail computer. The air data computer is 
used to compute! various aerodynamic quantities required 
by the MG-10 system and to compute the missile F. The 
nose-tail computer is used to deterniine which hemisphere 
of the target thé radar beam is in and to initiate auto- 
matically leading} or trailing edge cracking of the target 
éclio, accordingly! | 


Air Data C omputations 


The air data computer is the central source of corm- 
püred air data for the entire MG-10 system. Four basic 
indicated quantities are picked up by sensors in the air- 
гейт. Eight differeñr output quantities are derermined 
from the indicated quantities by six loop. servo analogue 
computers. (Two. of the loop зегуоз compute differenc 
quantities for missiles and rocket attacks.) The input quan- 
tities are affected: Бу local airflow and must be corrected 
to.give:the true values, that is, the values in the undisturbed 


airstream. These corrections have been. fourid to be func- 
tions of Mach number |only. 

The four basic inpue quantities. are: static and total 
pressure, stagnation temperature, and angle of attack. 
Static апа rotal (ram) [pressure are picked up by the pitot- 
static tube ar che end lof che nose boom. The stagnation. 
temperature (the température of air whose тоноп has been 
arrested) 15 rneasured|by a temperature probe mounted 
flush with the fuselage| Angle of attack is measured by the 
angular displacement from the aircraft referénce line of 
an airfoil which aligns itself with the relative wind, The 
airfoil is mounted in die air stream near the nose of the 
F-102A. 

The eight computed quantities are: Mach number, 
true air speed, dynamig pressure, true angle of attack, aif 
density or missile F, and j jump angle for rockets or missiles. 
These required air data are calculated by: six pósitióners with. 
amplifiers which constitute loop servo analogué computers. 
Mach number is computed as a function of indicated static 


pressure and indicated differential pressure (total — static 


pressure), and is used|by close-loop servos to correct the 
input quantities. Mach number also is used by other 
positioners in their computations, 

True airspeed is equal to Mach times the speed of 
sound. Since the speed of sound is proportional со the 
square: root of ambient temperature, and ambient tempera- 
ture is the stagnation| temperature times a function of 
Mach, true airspeed may be computed from the stagnation 
temperature and Mach |number. 

Dynamic pressure |) also called impact or velocity pres- 
sure) is equal to one-half air density times the airspeed 
squared. Dynamic pressure is closely related to the force 
per unit area acting dn a body extending into the air- 
stream. Је can, therefore, be used. as a measure of control 
surface effectiveness. Dynamic pressure is computed as a 
function of indicated static pressure and Mach number. 

The true angle of [attack is computed by a positioner 
from the indicated angie of attack. A correction based on 
Mach number is applied. 

The remaining cwo loop servos are jointly used to 
compute different quantities depending upon whether the 
attack is to use rockets or missiles. One positioner com- 
putes air density for rocket attacks only. Air density is com- 
puted from the indicated pressure and temperature which 
are corrected as à function of Mach number. For missile 


attacks che same positigner computes the missile Е — thar 
is, relative run of the missile. (The need for an F com- 


putatiom is discussed inl the next portion of this section.) 
The missile Е i$ а function of air density times che velocity 
of sound. Missile F is obtained by computing air density 
times the velocity of sound and positioning the wiper of 
а potentiometer, accordingly. 

Jump angle. (that 15, the difference in the final direc- 
tion of the armament and the direction of the launching 
device) is a function of angle of attack, crue-airspeed, and 
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velocity of the armament. A different jump angle is, there- 
fore, computed ог rockets and missiles. The same servo 
Joop is used for both computations. Relays make the 
necessary: alterations for the dual operations. 


The Missile F Computation 


As was shown in the discussion of the primary com- 
puting functions, the interceptors armament is launched 
at a certain point in space and travels a certain distance, F, 
relative to rhe interceptor during its time of flight. This 
distance, F, appears in the steering equations as one of the 
knewn parameters. In the case of rockets, which are non- 
maneuvering aerodynamic bodies, it is possible co determine 
through tests oné value of F which will optimize the prob- 
ability of hic and still provide safety from collision. This F 
is then set into the computer as а fixed value, As Falcon 
missiles are manéuvering aerodynamic bodies, it is not pos- 
sible to use a fixed value of F. Thus, a value of F must be 
computed which, will optimize the probability of hit. 

The probability of hit varies with the missile time of 
flight in a manner shown in Figure 9. The optimum time 
of flight, Tp, (and hence che optimum F, which is 
equivalent to іг), is thar which maximizes the probability 
of hit, Py, and is shown in Figure 9 as a dashed line. 
The two vertical: solid lines show the limits within which 
T, can vary without excessive degradation of the prob- 
ability of hit. Considering the relationship between Р, and 
Ty over a range of values of che product, pa, where م‎ = air 
density and a — speed of sound, ic can be shown that if 
pa decreases (that is, if altitude increases) che curve must 
be shifted co theirighr. Thus, in order to prevent the prob- 
abilicy of hir from decreasing as che altitude increases, che 
time of flight (and hence, F) must increase. It is necessary 
that F increase ‘with altitude because the missile’s total 
time constant must be increased with altitude and, there- 
fore, with the increase in its time constant the missile 
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Fig. 9. Variation of missile probability of hit (Р) as а 
function of missile time of flight (T J. 
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Fig. 10. Required variation of missile F as a function of pa. 


requires more range іп which to cancel out launching 
errors. It is permissible for Е to increase with altitude be- 
cause the drag decreases with altitude and the missile can 
fly a greater distance before its speed is reduced to a point 
where the probability [of hic is degraded excessively. The 
missiles соса] time constant must be increased as altitude 
increases because the effects on the over-all feedback loop 
of system noise, target scintillation, and radome error 
derivative are magnified ac higher altitudes. 

The manner in which F varies with pa is shown in 
Figure 10. 


As can be seen from this curve, F varies from a mini- 
mum value of 3500 Ееег at А = 0.357 (ра = 2.8 which 15 
equivalent co an altitude slighdly lower than sea level) to a 
maximum value of 16,000 feet ас = = 5.6 (ра = 0.18) 


which is equivalent tojan altitude of approximately 55,000 
feer. F is limited to 16,000 feer because if larger values of 
F were used in the firë control equations, the distance the 
missile would travel would be such. thar its terminal veloc- 
ity would be too low.|In addition, if it were launched at 
a distance from the bomber such thac irs relative travel 
would be greater than |6000 feec, the carget return might 
be so small as to be lost in the missile receiver noise. 


The Nose-Tail Computation 


In the discussion of radar functions, it was pointed out 
that one method. of preventing 1055 of lockon with chaff- 
dispensing targets is to position thc range gate so that 
it is coincident in time with either trailing edge or leading 
edge of the target return, depending on whether the first 
radar return is from the tail or nose of the target. Leading 
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or trailing edge pulse sychronizatior is placed in operation 
either automatically (after lockon.) through thé action of 
the nose-tail computer or manually (before lockon) when 
che pilot. actuate’ the nose-tail switch on the flight stick. 
The purpose of the nóse-tail Computer, then, is to determine 
wherher che pulses of radar energy are striking the. nose 
or tail of the target first and to send a signal ro the radar 
ro initiate either leading or trailing edge pulse syn- 
chronizátion. 
A typical attack situation is illuscrated in Figure 11. 
НР the target, whóse velocity is Vip, is flying so that it makes 
an angle A, with: the radar range vector, R, che first return 
will be from the rargers сай, If che angle is А, the first 
rerurn will be from the target's nose. Thus, if che angle A 
is less than 90 degrees a tail condition is indicated and if 
angle А is greatér chan 90 degrees а nose condition is in- 
dicated. Ic is nog possible, however, ro determine the size 
of this angle diréctly. 
From Figure 11 the following relationship can be 
written: | 
| R = Vj, cos À — Ур cos 0 (16) 
where R, the range rate, is negative when the range is 
decreasing and A is the angle becween the radar range 
vector and the сагдесз velacity vector measured as shown 
in Figure 11. | 
Equation (16) can be rewricten as follows: 
Уй cos A = R + Ve cos 6 (17) 
For a tail condition Ун cos A will be positive while 
for a nose condition Ун cos A will be negative. As Vo cos A 
cannot be measured directly in the interceptor while each of 
the three rerms on the right side of equation (17) can be 
measured in the interceptor, the operation indicated on the 
right side of equation (17) is performed to determine the 


Fig. ТТ. Nose-tail at- 
tack determination. 


In the mechanization, R is supplied by thé radar, cos 
8 is furnished by the azimuth resolver, айа Ve (true air- 
speed) is coupled from the air daca computer. A volrage 
proportional to cos 6 islapplied to. che ungrounded end of a 
potentiometer network! while che position of the poten- 
tiometer wiper 15 determined by M The voltage at the 
porentiomerer wiper is. then Мр cos 8. This. voltage is 
summed with a voltage proportional to К at a summing 
point and che polarity bt the resülting voltage is an indica- 
rion of whether the interceptor is Оп a nose or tail attack. 
If on a nose attack, a! relay is activated by means of a 
coincidence circuit and а signal is delivered to the radar 
subsystem to initiate leading edge pulse sychronization. 
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MAGNETRON TUNING 


The use of a tunable magnetron in the system mini- 
mizes che effectiveness of enemy jamming, prevents. inter- 
ference. among interceptors operating in. radar search 


and/or in missile attack, and prevents the triggering 


6f groünd navigational beacons when the system is in 
ground, map operation, As can be seen from Figure 12, 
the magnetron mning range is divided into three bands; 
search, missile attack, and identification. Limit switches 
até incorporated in the tuning motor to provide the desired 
Operation of the magnetron. 

Duriüg radar search the magnetron will transmit at a 


frequency in rhe search| band.’ If che “Anci-jam” button is 
pressed and held, the|magnetron will tune to the high 
limit switch. Upon reaching this switch, it will begin tun- 
ing down in frequency until the low-limit switch 15 reached 


and then begin tuning| up in frequency—continuing the 


cycle as long as the button is depressed. About seven sec- 
onds are required co tune throügh the search band. 


‘Efforts аге now under way to extend thé lower епа of the. 
search band dówn to 8500] megacycles and the upper ead to 0 
megacycles. The upper limit of the search band wilt then be above 
the highest missile frequéendy. 


CONFIDENTIAL 


| CONFIDENTIAL 


At à certain time after lockon, the magnetron will 
automatically begin tuning from the search band to the 
desired missile attack frequency. If the magnetron fails to 
stop tuning when {the desired frequency (any one of six) 
is reached, its. fréquency will continue to increase until 
the tuning motor Stops upon. hitting the missile high-limit 
switch. It will continue transmitting ас chis frequency until 
the system is recurned to the search mode or until the 
missile preparation program is permitted to repeat. In the 
latter case, the magnecron will tune down in frequency 
опа! the missile frequency is again reached. Approximately 
10 seconds are required to rune from the search frequency 
to the proper missile frequency. 

When the pilot switches to Beacon operation, the 
tuning motor tunes from either the search or missile bands 
to the missile highzlimit switch which turns off the magne- 
tron. The magneton remains off until the motor reaches 
the beacon limit switch. The FIS magnetron transmits in 
the identification band as do the FIS and ground beacon 
transpondors. Approximately 14 seconds are required to 


tune from the search band to the beacon interrogation. 


frequency. 
As with all similar radars, chere is a tendency toward 


magnetron frequency: pulling due to che scanning antenna. 


In fixed frequency, systems this effect may be minimized 
by tuning procedures, However, for a tunable system such 
as MG-10, where à frequency band of about eight percent 
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Fig. 12. Tunable| magnetron tuning ranges. 


is requited, chis procédure is not usable. Instead, a ferrite 
isolator, often called a byrator, is used to minimize the 
effects of mismatch. 

A shaped slug of ferrite is placed in the center of a 
Square waveguide in which a d-c magnetic field exists. The 
d-c field is adjusted to produce a 45-degree rotation of the 
r-f field, Rectangular-to;square waveguide transitions are 
used to couple energy from the magnetron to the gyrator 
and from the ругасог со Ве antenna. Energy reflected back 
down the line due to the mismatch passes through the 
ferrite and is rotated ahother 45 degrees. Thus, on the 


ра i | il 
magnetron side of thé gyrator the magnetron output and 


reflected energy are 90 degrees out of phase. Being orthog- 
onal to the magnetton output, the reflected energy can be 


decoupled into an external load, thereby removing the. 


cause of magnetron frequency instability. 
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B — MISSILE AUXILIARY SUBSYSTEM 


! 

The GAR-1:semiactive and the GAR-1B passive mis- 
siles require a ceftain amount of preparation for launching. 
The portion of the fire control system which is used to 
perform chese pfelaunch preparations is called the missile 
auxiliary subsystém. 

The GAR-1; missile has the following prelaunch re- 
quirements: | 
1. The MG-10:radar transmitter must be tuned to а spe- 

cial frequency and the radar. PRE muse be set to that 
of the missile: 
The пазе local oscillator muse be tuned to а fre- 
quency 60 rnegacycles below the special frequency to 
which the radar transmitter is tuned. 
The missile гапре tracking gates must be. positioned 
with respecé to the radar range pare so that when the 
missile receives target echoes the resulting video will 
be between the missile tracking gates. 
The time constant of the antenna tracking loop must 
be increased} with altitude to reduce the effects of radar 
scintillation noise and radome boresight errors. 
‘The aerodynamic sensitivity of the missile must be 
constant over the altitude range of the interceptor and 
for all attack geometries. Thus, the auxiliary equipment 
must determine the missile gain required to achieve 
constant aerodynamic sensitivity and sét this gain into 
the missile. 

The seeker heads must be positioned co point in the 

same direction as the radar antenna (that is, at che 

target). 

External power must be supplied to the missiles prior 

to launching. This power is required to muntain cir- 

cuit stability, to preserve missile internal power, to 
accelerate warm-up of vacuum tubes so that they need 
be on for only a minimum time (This is done because 
the missiles! dissipate heat poorly and with filament 
power on, чће internal missile temperature rise is 


rapid; and because nonaccelerated warmup requires. 


several minutes.), and for blowing fuses and squibs 

within the missiles ac the proper times. 

The САК-ІВ has only three ptelaunch requirements. 
These are che last three listed above under САК-1. 

Operations required prior to launching GAR-1 mis- 
siles and the GAR-IB missiles, when fired in mixed salvos 
‘with the GAR-l, are initiated by the prelaunch timing 
signals generated! in the Universal Computer and coupled 
to the missile auxiliaries. There are three of these timing 
signals, designated A, B, and D. They normally occur 40, 15, 
and 2.6 seconds prior co the Е (firing) signal respectively. 
As an ‘unmixed IGAR-1B missile. salvo is. fired by means 
of the optical sight on a pure pursuir attack course, it is 
not possible to ‘supply the missile auxiliaries with com- 
puted tie signals, Instead, programing of prelaunch oper- 


ations and missile firing are accomplished manually by 
means of the trigger switch on the flight stick. 

Each of the operations required to prepare thé mis- 
siles and radar for missile launching 15 accomplished by a 


specific unit of the missile auxiliary subsystem. Hence, the 


functional description of the subsystem which follows ‘will 
be for the most part оп an individual ‘unit basis. 


Radar Transmitter, Tuning 


The radar transmitter tuning servo is used. for pre- 
cision cuning of the radar magnetron to a preset frequency, 
for preselection of a fadar pulse repetition frequency ас 
which the radar will operate during the missile mode of 
operation, and to furnish a reference voltage for pre-posi- 
tioning of the missile local oscillator tuning motor: 

During search operation, the radar transmits in the 
search band (the lower band of frequencies over which 
the magnetron can tune) at a jittered pulse rate of 416 
pulses per second. (After lockon, the pulse rate is 910 
pulses per second, jittered.) Upon receipe of the first pre- 
launch timing signal from the computer, the A signal, the 
radar transmitter tuning servo assumes control of the mag- 
netrón tuning motor and begins tuning the magnetron to 
the preset frequency, which is one of six assigned to mis- 
sile operation. At the computer B signal, the radar pulse 
rate is changed го the presélected frequency, which is 
nominally 2000 pulses per second (nonjittered) and which 
is one of five assigned to missile operation. All missiles are 
coded so that a simple visual inspection of the missile 
during ground preparations will reveal the particulac PRF 
to. which. the missile will respond. By properly assigning 
missile frequencies and missile PRF's (30 combinations 
of transmitting frequencies and pulse rates) among inter- 
ceptors flying the same mission, interference among inter- 
ceptors in thé attack phase is practically avoided. 

During ground qperations, a tuning knob on the 
ttansmitter tuning зегуо box is set at one of six detent 
positions (frequency channels). Setting of this runing 
knob adjusts. a resonant cavity in the unit to a preselected. 
frequency. This control also selects a voltage divider net- 
work which controls coarse tuning of the missile local 
oscillator. A pulse repetition frequency compatible with 
the missiles being loaded is selected by pressing a button 
which energizes a stepping relay. Depending upon the 
position of the relay, ође of five indicator lights will glow. 
Each time the button 15 pressed the relay will stop and a 
different indicator lighg will glow. With the stepping relay 
in the desired position| (as indicated by a glowing light), 
preselection of one of Ауе crystal oscillators in the radar 
and. computing. subsystem. which determines the radar pulse 
rate is accomplished. 

It is the function|/of the transmitter tuning servo to 
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provide driving voltage of the proper polarity to the mag- 
netron tuning motor со tune the magnetron то the fre- 
quency to which ‘the resonant cavity was pretuned. Ac che 
compurer. A signal, control of the tuning motor is trans- 
ferred from the antijam button in the cockpit to the cuning 
servo. The tuning motor is then caused to rotate in a 
direction so as to; increase che frequency of the magnetron. 
When the magnetron output, a portion of which is coupled 
into the resonanticavity, reaches a frequency approximately 
10 megacycles bélow the resonant frequency of the cavity, 
control of che tuning motor is transferred to a microwave 
discriminator Не unit. Input co this discriminator is 
derived from two crystals mounted at the input side of 
the resonant cavity. With the input to the resonant cavity 
10 megacycles bélow its resonant frequency, the output of 
the discriminator will be of a polarity equivalent to the 
slewing voltage. As the magnetron frequency is driven 
above the resondnt frequency of che cavity the output of 
the discriminator: will reverse in polarity causing the mag- 
netron frequency to decrease below the caviry's resonant 


frequency. To minimize motor coasting, and, therefore, 


frequency hunting, this unit provides dynamic braking of 
the tuning motor. If frequency lockon does not occur, the 
tuning motor will continue to drive the magnetron until 
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it. reaches rhe high endlof the missile band(see Figure 12 
in the radar and compucing subsystem chapter) and en- 
gages а limir switch. The magnetron will remain. ас this 


frequency until the system is switched to some other mode. 
Missile Local Oscillator Tuning 


The missile local|oscillator tuning servo is used to 
adjust the frequency of the klystron local oscillator in the 


missile to a frequency po megacycles below (һе frequency 
of the radar transmitter. (The intermediate. frequency of 


the missile receiver is 00 megacycles.) Setting of the local 
oscillator frequency is accomplished in two steps: (1) at 
the computer A timing: signal, pre-positioning of the local 
oscillator tuning motor begins, which brings the local oscil- 


lator frequency to within the range of the fine tuning 


portion of the unit; (2)]at the next prelaunch timing signal, 


the B signal, (һе рге positioning circuits are cuc out and 
the fine tuning portion| of the unit assumes control of the 


tuning motor to bring the klystron frequency to within 
2-1.5 megacycles of the desired frequency. Fine tuning 


НЕ che radar search band is extended co a frequency beyond the 
missile band, as is presently anticipated, a different technique will 
be used. 
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Fig. 1. Missile local oscillator tuning servo functional block| diagram. 
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control of the lócal oscillator continues until the umbilical 
pins become disconnected at launch. At the third computer 
signal, the D signal, a 28-volt d-c voltage is applied to the 
control phase of the two-phase tuning motor in order to 
minimize hunting. This damping action. continues after 
launch by means of circuitry contained within the missile. 
Although no pówer is applied to the tuning motor after 
launch, damping continues co eliminate any rotation of the 
motor due to the inertia of the rotor. 

As can be seen from the missile local oscillator runing 
servo block diagram, Figure 1, the design of the unit in- 
corporates two feedback loops. One feedback loop is ef- 
fective only during coarse tuning, while the other feedback 
loop is effective only during fine tuning. In che feedback 
loop used for coarse tuning (the lowest loop of Figure 1), 
a d-c voltage is fed back from a potentiometer, whose 
wiper position is controlled by the tuning motor, to a 
summing point ас the input to the B section of a balanced 
amplifier; the voltage at the input to this section will then 
be the sum of this voltage and a d-c voltage determined 
by the position; of the selector switch. During the coarse 
tuning operation, the fine tuning feedback loop is broken 
by effectively disconnecting the output of the discriminator 
from the input to the A section of the balanced amplifier. 
The configuratión of rhe A section is such that under this 
condition its conduction is the same as the conduction of 
the B section when the B section is switched to a source 
of +50 volts. 

At the beginning of the coarse tuning operation, the 
voltage at the simming point at the input to the B section 
will not Бе 4-50 volts. Because of this, the current through 
the control windings of the two saturable transformers will 
be unequal. This condition results in a voltage at the out- 
put of the secondary windings which has an amplitude 
and a +90 degrees phase relationship to the voltage across 
the reference winding of rhe tuning motor dependent on 
the relative satufation of the transformer cores. Any output 
of the secondaries causes the tuning motor to rotate in a 
direction so as to bring the voltage at the summing point 
to 4-50 volts. When this condition occurs, the output of 
the secondaries will be zero and the tuning motor will stop 
rotating. The klystron cavity will then have been adjusted 
so that the klystron will be operating at a frequency which 
when beat with; the magnetron frequency will result in a 
difference frequency within the pull-in range of the dis- 
criminator. 

Аг the computer B timing signal, the inpuc to the B 
section is switched to a source of +50 volts and the A 
section is switched co the discriminator output. At this time 
the discriminator output will be some positive or negative 
voltage (see Figure 2) and until this output is reduced to 
zero the two sections of the balanced amplifier will be 
unbalanced. This unbalance causes the cuning motor to 
rotate in a direction thac will tune che klyscron to a fre- 
quency 60 megacycles below the radar transmitter fre- 
quency. As can, be seen from the discriminator response 


Fig. 2. Discriminator response characteristic. 


characteristic, Figure 2, when this occurs the discriminator 
ourput will be zero. With the input to the A section again 
reduced to zero and with +50 volts at the input to the B 
section, che balanced amplifier will once again be balanced 
and, if other effects Were not present, the tuning motor 
would stop rotating. In Order to overcome these effects, 
--28 volts is applied! to the tuning motor control phase 
at the computer D timing signal. 


Missile Range Gate Positioning 


The missile rangé gates must be brought into a posi- 
tion such that they will be coincident in time with the 
target return received] by the missile when the missile is 
launched. This positioning is done by the range gate servo, 
by reference to the radar tracking range gate, to an ac- 
curacy of =0.1 microsecond. This action of the servo be- 
gins at the B timing] signal when circuitry in the radar 
is automatically өзен which establishes the radar pulse 
rate at the same frequency (nominally 2000 cycles per 
second) as that determined by the missile’s crystal oscillator. 

In the missile, range tracking is provided after launch- 
ing by employing early and late tracking gates. These pates 
and the target video received by the missile after launching, 
are coupled into a time discriminator. The output of the 
missile discriminator 15 a current which is applied to a 
Miller integrator. When the gates and target video occur 
in time as shown in Figure 3(a) (that is, when the cross- 
hatched lines in the target video represent equal areas), 
the time discriminator has no effect on the voltage ourput 
of the integrator. If the areas are unequal che discriminator 
will produce a current! pulse which occurs at the repetition 
frequency of rhe tracking gates and is of a magnitude 
proportional to the inequality and of a direction indicative 
of tlie sense of the inequality. This current pulse will either 
increase or decrease the output voltage of the integrator. 
The integrator output} voltage affects the frequency of the 
crystal oscillator that |controls the repetition rate of the 
missile tracking gates! so that these gates will be main- 
tained in the time relationship with the target video shown 
in Figure 3(а). 

During the period between the B signal and missile 
launching, the missile| range tracking circuitry makes use 
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Pulse time relationship in missile range gate 
servoing. 


Fig. 3. 


of the time discriminator in the missile range gate servo 
to generate а lock#on error voltage which affects the frè- 
quency of the crystal oscillator in the missile. During this 
period, che missile time discriminator is effectively short- 
circuited, its function being assumed by the time dis- 
criminator in the range gate servo. The range gate servo 
time discriminator! functions differently from the missile 
time discriminator! in that it effectively compares che time 
relationship between the radar range gate (which is coin- 
cident with the target after lockon) and the missile late 
tracking gate rathér chan both tracking gates. 

In order to accomplish this prelaunch range tracking, 
the missile laté gáte is coupled to the range gate servo, 


Figure 4, where it is used to trigger a multivibrator having 


the output waveform shown in Figure 3(c). The multi- 
vibrator output and the radar range gate are coupled to a 
time discriminator; in che range gate servo. When these 
inputs. have the time relationship shown in Figure 3(c) 
and (d), there will be no lock-on error, and, hence, the 
discriminator outpüt will be of neither positive nor negative 
polarity. Due to the long time constant of circuits follow- 
ing the discriminator, if there is an error, the discriminator 
output will remain relatively constant between range gate 
pulses. This output is coupled to the missile crystal oscil- 
lator through the time discriminator in the missile. 

When an error voltage exists, а —250-volt disabling 
voltage will be applied through the contacts of a nonen- 
ergized relay to the missile tracking gate pulse amplifiers. 
In the absence of these gating pulses the time discriminator 
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will cease co act as a time discriminator and will act as a 
closed switch. The error|voltage will then act on the mis- 
sile crystal oscillator continuously: With the error voltage 
affecting the crystal oscillator continuously (rather than at 
the pulse repetition Їгедрепсу as is done when the missile 
is tracking the target video), lockon is accelerated, range 
gate slewing being accomplished at more than 50 micro- 
seconds per second. Whenever lockon is achieved, the 
disabling voltage is removed and the missile time dis- 
criminator is returned to its original configuration. When 
this occurs the 4-с errorj voltage affects the missile crystal 
oscillator only intermittently. However, the range gate 
servo continues to exercise positioning control until launch. 


Computation of the Missile Gain Settings 


The computation of the missile gain required to 
achieve optimum aerodynamic sensitivity and to reduce 
the effects of radar scintillation, noise and radome bore- 
sight errors is done by what are called the parameter com-. 
puters. Before discussing the operation of the computers, 
it will be worthwhile № explain what the missile gains 
are and why they are neaded. 

By definition, a collision course will be flown if the 
space rate of the line of sight, о, between the target and 
missile is zero. In order to maintain this condition, the 
missile flippers are positioned so that if the missile seeker 
head detects а с, the missile will turn ас a rate, у, in the 
same direction as о. The missile is designed so that for 
any given condition of flight there is a linear relationship 
between the rate of che line of sight and the rate ас which 
the missile turns in attempting to bring o back to zero. 
(This type of operation 15 called proportional navigation.) 
Thus 

у Ас, (1) 
where А is the proportionality factor. 

This relationship 15 shown in the navigation system 
block diagram, Figure 5. Now, if the missile is off course, 
the angle, о, which thej line of sight makes with some 
arbitrary spatial referente line, will change. The missile 
detects this change of о as a space rate of the line of sight, 
о. The control system іп the missile deflects the missile's 
flippers by an amount $ equal со Сиб, where Gy is de- 
fined as the missile gain. This deflection, in turn, causes 
the missile to turn at а гасе y which is equal to K,3, where 
K, is the flipper effectiveness. 

The turning of the| missile results in a change in о, 
which is proportional to [I /r, where г is called. a navigation 
parameter and is equal го 107۷, D is the closing rate 
(along the line of sight)! of the missile on the target, and 
Vmr is the component of missile velocity along the line 
of sight. 

The open loop gain, of the system shown in Figure 5 
is А х 1/r. This product has been given the symbol A, 
where A is called the navigation constant. Analytical and. 
simulator studies have phown that for maximum prob- 
ability of hit, ۸ should have a value of 4. (Above 50,000. 
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ft, a substantial improvement in probability of hit can be 
effected. by inctéasing ۸ from 4 to 5.) 

Now the flipper effectiveness, K,, varies with 1/pa 
(which is a méasure of altitude) and so will have dif- 
ferent values for different attack situations. Also, ۶ will 
have different values for different attack situations. There- 
fore, in order toj imake A = 4, it is necessaty to determine 
the values of ра and r prior to each particular attack and 
set Ом accordingly. The required setting of Gy is found 
merely by expressing A. in terms of the above variables, 
setting it equal to 4, and solving for См. Thus, 


Съ 
£( pa) 
Gu =k. Ат ( ра) 5 


A-—k——-—4 


: (2) 
(3) 


! 
where-k is a constant of proportionality. 

Та addition to varying Gy from one attack to the 
next, it is necessary to limit the maximum deflection. of 
the-flippers as ayfunccion of altitude. (See Figure 6.) This 
must. be done. to! !prevent the maximum turning rate of the 
missile: from: exteeding a value consistent with the struc- 
tural strength of the missile. The amount öf flipper de- 
flection required to pfoduce this maximum turning rate 
varies directly wich altitude (ie, 1/ра). Аг 35,700 f the 
deflection required to produce maximum turning rate: is 
15° . For Rus таи reasons, the flipper déflection must 


ee the Falcon missile, бе gain adjustment required 
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Fig. 6. Necessary flipper deflection limiting characteristics. 
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for pa and r, and the flipper limiting adjustment for pa 
ate accomplished by the adjustment of two attenuators, 
arbitrarily called Gr, and Gp, which are placed on either 
side of an electronic limiter, which prevents the flipper 
deflection from exceeding 15°, as shown in Figure 7. 

Тһе С, atténuator is set in accordance with r below 
35,700 ft, and with r and pa above. 35,700 ft, as indicated 
by Figure 8. | 

The Gp attenuator is set in accordance with pa as indi- 
cated in Figure 9. 

In Figure 7i the missile's seeker head precession loop 
was not shown. The output of chis loop, which is shown 
in Figure 10, actually i is proportional to. 


4. 1 
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where r is the loop time constant and p is the differential 
operator d/dt. | | 

As can be seen from Equation (4), the ratio of the 
missile's responsé to a trajectory error will be a function 
of r, which varies inversely with the gain of the missile re- 
ceiver. To maximize the missile's rate of response, it would 
be desirable to паке the receiver gain as large as possible. 
Unfortunately, there is noise (due to scintillation of the 
target echoes) in the receiver output. This noise, which 
is proportional to tlie gain of rhe receiver, produces a 
flipper deflection. As discussed previously, the maximum 
flipper deflection. is limited. Therefore, to minimize the 
problem of che flippers being saturated by the receiver 
noise, the receiver gain is set to che lowest value which 
will provide adequate missile response. The minimum ac- 
ceptáble rate ой missile response is proportional to the 
missile time of flight, and the latter increases with altitude. 
Consequently, it lis desirable to decrease the receiver gain 
with altitude. رر‎ 

The receiver gain is adjusted prior to an attack by 
means of an artenuacor, called che Gr attenuator, placed at 
the output of the receiver. The gain of this attenuator is 
determined by the value of pa as indicated by Figure 11. 
Because по scintillation noise is present in the GAR-1B 
infrared seeker missile, по Gr attenuator is needed. 


The Missile Parameter Attenuators 


Each missilé has two ۶ attenuators and two p attenv- 
ators, one each for the pitch channel and the yaw channel. 
The GAR-1 has'one т attenuator. These attenuators consist 
of a network of 'resistors. and fuses. By blowing the fuses, 
it is possible to set the gain of che attenuators. The т 
attenuator has three fuses, the p attenuator has four fuses, 
and the г attenuator has five fuses, only four of which can 
be. independently blown. All possible fuse combinations 
allow eight attenuation steps in the + attenuator and 16 


steps in the p and r attenuators. As a result, che attenuator 


gain is set in discrete کت‎ therefore, the gain setting for 


by. the gain éurves. Макин attenuation exists ; when all 


fuses are blown. The purpose of the 316-10 parameter 


computers is to select and prepare for blowing a. combina- 
поп of fuses which, when blown, will provide án attenuator 


gain in accordance with the gain curves. For convenience, 


a binary digital notation is used to designate the condition 
of the fusés, O indicating an unblown fuse, and 1 indi- 
cating a blown fuse. 


Thus, 1011 would indicate the first, 
third, and fourth: fuses; blown. Computations are initiated 
by the D timing signal and require a maximum of 0.64 
sec fot completion. Certain relays in the MG-10 fuse con- 
trol unit aré then energized which select the desired fuses 
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in the missile attenuators. At the E timing signal, power. 


is automatically applied, to the fuses to blow them. 
Mechanization of the r|Parameter Computer 


As mentioned Brey ously, 
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where Vina = component of missile velocity along the line 
of sight from missile co target, 

Van == component of target velocity along che line 
of sight from target to missile. 

In order to compute r, it must be defined in terms of 
quantities available ід| che interceptor. Figure 12 will be 
used со derive this relationship. It will be noted that, be- 
cause г i$ conmiputed| under the conditions existing at 
launch, the line of sight from missile to target will be 
coincident with rhe line of sight from interceptor to 
target. Thus, Уул and Мак will be the velocity com- 
ponents of missile and target, respectively, along the line 
of sight from interceptor to target. 

In order co put Equation (5) into a useful form, it 
is operated on in the following manner: 


Муй US Vir — Ver -Н Vra 
Var— Ver --Угв 


— (Ук iV PR) = (Vir— Мек) я (6) 
(Vin к= Ме ) +V ER 


where Virr == component of interceptor velocity along line 


of sight|from interceptor to target. 
Now, Vian—Ver [is équal to the relative velocity bes 


the radar range rate, 013 (6) can be rewritten as 


ЛАУ К AV, cos Û —R. 
TUAM تی‎ ui ЛУ» соз Û -Vp cos 6 


= А“ "disi (7) 
A Vat Vir 
where A Ма == velocity, of missile relative to interceptor, 
Vre = velocity of interceptor (True Air Speed), 
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tWeen the missile and ipcerceptor as measured along the line 
of sight. Writing this as A Var, and noting Vrr—Ver=R, 
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Fig. 7. Partial missile functional block diagram showing ig. 10. Simplified functional block diagram of GAR-1 | 
how the missile‘ gain adjustment ahd flipper limiting are seeker Head precession loóp. 
accomplished, 


Fig. 11. Required setting of the G+ attenuator. 


Fig. 9. Settings required of the. Gp аНепиаюг. Fig. 12.| The attack geometry. 
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wand, | 
ü— angle between lineof sight and interceptor 
heading. 
Little error will be caused by assuming АУ, always 
to be equal to 1150 ft/sec. А good average value for ۵ 
has: been. found 19 be 15°. By using these assumptions, 
Equation (7) can be rewritten as follows: 


' 1150 — 103 К 7 

2 1150-6 Ур ` (8) 
Equation (8) 15 ;thar which is mechanized in the r 
parameter computer. 

It was pointed! out previously that, for altitudes above 
35,700 ft, G, must be modified to take into account not 
only attack geometry, Бис also pa. This is done by multi- 
plying che right side of Equation (8) by the ratio of the 
value of pa at 35; 700 fr (0.696) to that at an altitude 
2/3 of the vertical idistance between i interceptor and target 
(the value of pa computed by the air data computer). 
The minimum value of this ratio, of course, is 1 and 
occurs at 35,700 Ёс The rario’s maximum value occurs at 
the limit of the pa computation (pa = 0.18, which is equiva- 
lent to 63,000 fr)., When the right side of Equation (8) 
is modified. in this m manner, the new expression is called y. 
Thus, 


0.696 
1 
pa 


p= (9) 

These exprëssions. аге mechanized by coupling a fixed 
voltage analogous 10 1150 Ес/бес and а voltage: proportional 
to the range rate from the radar to a summing point. The 
resultant voltage i$ coupled to an amplifier. The output 
volrage of the amplifier is coupled to one terminal of a 
potentiometer whose wiper arm is positioned in accordance 
with Уу. The чоияве picked off by the wiper is chen fed 
back to the summing point. The output voltage is then 
equal to r. 

In accomplishing the mechanization of Equation (9), 
a voltage equivalefit to ра == 0.696 and the pa output of 
the air data computer are compared at the input to a 
coincidence circuit? When they become equal, a relay is 
energized which modifies the feedback loop to include 
division of the denominator of Equation (8) by 0.696/pa. 
'The output voltagejis then equal to p. 

Іп either case, the output of the amplifier is con- 
verted to binary digital form in a manner. similar to that 
discussed in. che following paragraphs. 


Mechantzation of the р. Parameter Computer 


The р parameter 15 computed as a function of pa. 
The computer mechanization is accomplished by coupling 
the 500-cycle plus'phase of the pa output of the air daca 
computer to one tetminal of a coincidence circuic. A minus 
phase 500-сусіе reference voltage is coupled to the other 
terminal. This voltage is picked off a precision voltage 
divider by a contact connected to a shaft whose angular 


position. is controlled by a stepping relay. The stepping 
relay starts stepping at the D signal and will continue. to 
step until the two voltages are equal. This requires a 
maximum of 0.64 second, Coding wafers are coupled to 
this shaft, and 28-volt 4-6 is coupled through these wafers 
со che fuse control unit. Thus, the position of the wafers 
governs the terminals to| which the 28 volts is coupled, 
and the position of the yafers dépends on the shaft posi- 
tion, which in turn depends upon che value of pa at which. 
coincidence was achieved! The terminals are connected to 
relays in the fuse control unit. These relays in turn de- 
termine which fuses are|to be blown. If the 28 volts. is 
coupled to one combination of terminals, fuses 2 and 4 
might be blown in the missile; if the 28 volts is coupled 
to another combination,| fusés 1, 2, 3, and 4 might be 
blown. The binary digital notation used to signify chis 
condition is 1010 and 1111, respectively. 


Mechanization of the + Parameter Computer 


The т parameter is|also computed as a function of 
pa. The mechanization of this computer is similar to thar 
described above for the р parameter computer. 

Missile Seeker Head Positioning 

So that che missilej| when launched, will be able to 
home on the target; che missile anrenna must be pre-posi- 
tioned to look in the direction of the target. The purpose 
of che missile antenna sevo is to position the seeker head 
of each missile so thar it points in the same direction as 
the radar aütenna. This action. starts at the B timing signal 
and continues until the missile separates from the umbilical 
plug. When the action е the missiles are in the stowed. 
position bur the direction to which their antennas are 
driven is the direction to[which they must be pointed with 
réspect to the missile in the extended position. The six 
missiles are stowed, three co a bay, in a forward and an 
aft bay in the fuselage ІК; the Е-102А. In each bay the 
missiles are stowed three|abreast. In being extended to fr- 
ing position the two center missiles are extended down 
through che aircraft plane of symmetry such that their axes 
make an angle a with the radar boresight line at the end 
of the extension. The four side missiles are excended in a 
somewhat complex. manner such thar they point down and 
out. If the extension distance is neglected (as parallax 
effects are negligible) it will be noted from. Figure 13 that 
the axes of the side missiles are in effect rotated chrough 
two angles, £ and и. Each of the six missiles is also rolled 
about its own axis such |Бас its "top" fin makes an angle 
ф or = with the vertical. АЙ of these angles are constants. 

From Figure 13, it will also be noted that che missile 
pitch angle, vm is measured about missile axis. B-B while 
the radar elevation angle, e, is measured about the radar 
axis Y-Y. The missile yaw angle, ус, is measured about the 


missile axis C-C, and the Ld azimuth angle 6, is measured 


about the radar axis 2:2! The two missile axes are in the 


plane of the missile fins. 
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Fig. 13. Position of missiles т extended. position with re- 
spect to radar boresight line. 


In order to mechanize the servo, it is necessary to 
express the radar antenna azimuth and elevation deflection 
angle in ternis of the corresponding missile antenna 
yaw and pitch; angles. This coordinate transformation re- 
sults in a complex expression which by making a. number 
of approximations” reduces to the following relationships: 


(10) 
(11) 


yn = —k, —k, sin 0 + К, sine 
beh aid НА зване 


The “Ка in Equations (10) and (11) are constants 
whose numerical values are dependent on the angles by 
which the missile axes are rotated with respect co the 
radar axes. Théir values are determined. by cómputing cer- 
tain trigonometric functions of these angles. Because these 
angles differ among certain of the missiles the constants 
are different. However, the equations for all of the missiles 
have che same form as Equations (10) and (11). Ie is inter- 
esting to note’ that if the radar axis is along the radar 
boresight line], sin @ and sin « will equal zero and the 
missile antenna will be deflected by an amount k, in the 
pitch channel and an amount k, in the yaw channel. The 
constant, ka, determines the contribution of the @ com- 
ponent of the} position of the radar axis to. the w, com- 
ponent of che, position of the missile ancenna axis. The 
constant К, determines the contribution of the є component 
of the position of the radar axis to che w component of 
the posicion of the missile antenna axis. 

In the mechanization, sin ۵ and sin є can be obtained 
as voltages from rhe radar antenna resolvers. These volt- 
ages must then be multiplied by a certain factor, A con- 
venient and accurate method of performing multiplication 
is by means of a transformer. The output of each of the 
resolvers is coüpled through a switch to the primary of à 


` 


“One of chese approximations is the disregarding of the fact 
that the radar antenna: and missile antenna coordinate: systems are 
different. (The. former is an orthogonal coordinate system while the 
latter is a non-orthogonal. system.) Errors introduced. by this and 
other approximations were optimized and minimized by modifying 
the constants of, ‘the equations in accordance with empirical data. 
This can be doné because the values of @ and є introduced into the 
equations are. limited ta = 24 degrees. 
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transformer having а turns ratio equivalent to the coef! 
ficient, К, of that term to which the resolver output is: 
analogous. When бе ade antenna angle increases beyond 
24 degrees, the switth connects the transformer primary 
to a source of constant a-c voltage so chat the input to the 
primaries is limited ас 24 degrees. For the ғ, channel the 
voltage at the secondary of one transformer is proportional 
to К, sin 6, while the|voltage at the secondary of the other 
transformer is proportional го k, sin є A third transformer, 
whose turns ratio for che », channel is k, has a constant 
400-cycle voltage applied to its primary so that a voltage 
proportional to k, appears at thar secondary. As there are 
two channels, each transformer has cwo secondary windings. 
per missile. As there are six missiles, a total of 12 secondary 
windings are wound [оп each of the three transformers. By 
connecting the proper secondaries in series the voltages 
across all chree of a set will add in accordance with Equa- 
tions (10) and (11). The net voltage, vı or ve, across the 
secondaries is equivalent to the position of the radar axis 
with respect to the missile antenna. axes. By subtracting 
њу and гс, (the amount of rotation of the missile antenna 
about the missile antenna axes), respectively, from m, and 
үс an error signal will be obtained. This error signal is used 
by a servo to drive the missile ancénna until the error signal 
nulls out. Rate signals, од and we, from the radar antenna 
rate gyros are also transformed in terms of missile antenna 
coordinates and coupled to this servo to decrease thé 
amount of error sustained by che servo. In order to mini- 
mize weight only one amplifier is used and its inputs and 
outputs аге time-sharéd by means of a motor-driven switch. 


Power Switching and Programing 


Power switching is accomplished by the missile aux- 
iliaries interconnecting unit and the misstle heating power 
supply control. For the purposes of chis discussion, the two 
units will be considered as one and will be referred to as 
the power switching||circuitry. Programing is accomplished 
by the armament control relay assembly. This unic consists, 
as does the power switching circuitry, primarily of relays 
and a mechanical timer. 

These circuits supply che proper voltages and signals 
to the correct missile auxiliaries and missiles in order that 
the operations listed] in Table I and the programing listed 


in Figures 19 and 20 of this chapter, can be accomplished. 


The power switchin circuitry receives a-c and d-c 
р g y 


power from the MG- 10 power supply subsystem and 


switches this power to othér units of ché missile auxiliaries 


and to che missiles 10 accordance with the setting of the 


master selector switch on the radar set control panel, at 
nose wheel retractidn, and in accordance with computer 
timing signals. 

When the master selector switch is placed in che 
Warm position, certain relays in the power switching cit- 
cuitry are closed and thermostatically controlled heating 


power is supplied to the missile electronic packages and 


batteries. When the master selector switch is moved to the 
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On position, voltage is coupled to the programing cir- 
cuitry (armament control relay assembly) to energize’ its 
relays. | 

At the nose wheel retraction signal, relays in the 
power switching circuitry are closed in order го apply 
power to the missile crystal heaters, the missile vibrators, 
the missile rate gyros, the radar rate gyros, and accelerating 
۷۵1۲۵86 to the missile seeker head gryos. The timer in this 
circuitry is also started ar this time. The timer counts two 
minutes during which time the power switching circuitry 
prevents plate power from being switched to any of the 
missile auxiliaries, thereby preventing initiation of any of 
the attack operations listed in Table L Ас the end of the 
two-minute period "the power switching circuitry causes 
the accelerating voltage to be removed and normal voltage 
to be applied ro the missile seeker head gyros. 

In response to computer timing signals from the pro- 
graming circuitry, the power switching circuitry causes 
excitation voltage to be coupled to the reference phases 
of the missile AFC! servo motor and the missile antenna 
servo motor, causes boost and normal volrage го be applied 
to missile filaments, and furnishes power to ignite the mis- 
sile battery, warhead, and waveguide shutter squibs and to 
blow the missile parameter attenuator fuses. In response 
to the computer В. timing signal it removes all external 
power from the missiles except for crystal heating, missile 
апгеппа and missile: AFC servo motor reference phase volt- 
age, and transfers the missiles to their own internal power. 

For ground checks, chis circuicry provides power for 
exciting che missile antenna spinner motor and provides 
power for the missile vibrator so that the missile batteries 
“need not be used. | 

The armamentjcontrol relay assembly is used to make 
armament decisions such as determining which missile bay 
should be selected and whether missile preparation should 
be stopped. Among the inputs со this üüit are che radar 
lock-on voltage, the: computer timing signals, signals from 
the trigger switch and accion switch, the nose wheel гетгас- 
tion signal, and timer and relay excitation voltage (when 
the master selector switch is in the On position). Informa- 
tion from the armáment control patel and the launchers 
relating to missile Iselection and loading are used by the 
armament control relay assembly to determine the bay to 
which the oucputs of che missile auxiliaries should be 
coupled. The radar; lock-on voltage and the timing signal 
occurrence are used to determine whether missile prepara- 
tion should be stopped. The computer timing signals, the 
action switch signal, and che trigger signals are effectively 
coupled through the armament control relay assembly to 
the power switchirig circuitry and to other units of che 
missile auxiliaries in order thar the attack operations listed 
in Table I will be àccomplished. 


Altitude Difference Computation and pa Correction 


The altitude difference computer is used to compute 
the difference in altitude, (АН), between the interceptor 


and rarger. This value is lused to modify the value of ja 
Пе. (ра), at the interceptor's altitude (h) to а value 
which would exist at an | каде equal го h = 2/3/\H. 


The relationship used is (ра) »42/3AH == (Pa) (1 KAH), 


where K — This particular value of pa was chosen 


1 
30,000” 
because it provided, on the basis of empirical data, the 
best probability of hit for] missile launchings. 

The term, АН, is computed according to the rela- 
tionship: 


AH = Е [sine + 0.87 (sinecosA + sin8sinA)]. (12) 


where each of the terms|has been defined elsewhere in 


this report. АН is determined as a shaft position of a 


servo moror. This motor i$ used to position the wiper arm 
of a potentiometer whichijis located in che feedback loop 


of a feedback amplifier. [This amplifier divides a signal 


from the air data computer by 1 = КАН, and is used in 
the feedback loop of a senvomechanism. This servo is used 
to produce a рогепгіогпегег shaft position proportional to 
ра at an altitude equal шин == 2/3 AH. 


The Missile Preparation Program 


The missile preparation program is accomplished in 
two phases: (1) preparatory operations, and (2) attack 
operations. The preparatory operations begin when the 
master power switch oni the radar set control panel 15 
placed in the Warm position. At this time power is 
coupled to the missile electronic package and battery 
heaters to maintain them|ar а certain minimum tempera- 
ture. This operation normally takes place while the inter- 
ceptor is on the ground in the ready condition. Two 
additional operations are required before the attack opera- 
tions should begin: (1)|bringing the missile rate gyros 
up to proper operating speed quickly, and, (2) bringing 
the missile crystal (which lis used to establish the repetition 
rate of che missile tracking gates) up to proper operating 
temperature. Of the two loperations, initiation of the first 
is che most critical. This operation requires more time chan 
that which transpires berween the beginning of the attempt 
to lock the fire control radar on a target and launching, 
yet it cannot be started |while the interceptor is on the 
ground because of the possibility of damaging the gyros, 
due to the interceptor changing direction rapidly. Retrac- 
tion of che nose wheel ha$ proved to be à convenient time 
to begin this operation. |The lines to the missile crystal 
heater and the missile vibrator happen to be tied to the 
missile rare gyro line, and therefore, power is applied to 
them at the same time. The crystal has to be warmed up 
some time, and it is not , bjectionable to accomplish it ас 
this ите. Although ic is пог essential that the missile 
vibrator be energized before power is drawn from it, ener- 
gizing it is not detrimental. In fact, by energizing it at 
this time, any stickiness jin the contacts will be removed 
by the time it is desired to draw power from the vibrator 
and, chus, voltage will be available immediately. 
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To summarize, then, the preparatory operations ac- 
complished by ithe missile auxiliaries are: 

1. Warm missile electronic package and battery. 

2. Accelerate missile race gyros. 

3. Warm missile crystal. 

4. Energize missile vibracors. 


The Attack Preparations 


The operations accomplished on. the missiles and 
radar by che missile auxiliaries during the attack are 
described in sóme detail in other sections of this chapter. 
For convenience, these operations will be listed again, but 
assuming the reader now has a degree of familiarity with 
them, each of the operations will be listed in an abbreviated 
manner. None of these operatioris can begin until two 
minutes after nose-wheel retraction. This is the period dur- 
ing which boost voltage is applied ro the missile rate 
gyros to bring ет quickly up to proper operating speed. 
The operations are as follows: 

l. Missile filament boost voltage on. 

2. Missile filament boost voltage off (after ten sec- 

onds) „normal voltage on. 

3. Missile, electronic package and battery heaters off. 

4. Missile auxiliary subsystem plate voltage on. 

5. Tune radar transmitter. 

б. Coarseitune missile local oscillator. 

7. Activejmissile battery. 

8. Servo missile local oscillator tuning motor (fine 

tuning). 

9. Change radar PRF to value required for specific 

missiles loaded. 

10. Transfér missiles to internal missile power. 

ll. Servo (align) missile tracking gates to coincidence 
with radar range gate. 

12, Servo seeker heads of selected missiles into align- 
ment with radar antenna. 

13. Compute missile navigation parameters (1, p, 7). 

14. Shift radar operations co elliptical polarization. 

15. Damp missile local oscillator cuning moror. 

16. Open missile bay doors. 

17. Extend! missile launchers. 

18. Blow missile parameter fuses. 

19. Permitiarming of missile warhead. 

20. Release missile waveguide shutter, 

One additional operation is performed on the missile 
— activating the missile hydraulic power, but this operarion 
is not accomplished by rhe missile auxiliaries. The opera- 
tion is performed by the aircraft armament control system 
át an instant just before the missile's rocket motor is 
ignited. 


Establishing the Sequence of Attack Preparations 


Now ic is, "evident that some of these Operations must 
be performed immediately before launching the missiles, 
while ochers must be performed well in advance of launch- 
ing. Further, che accomplishment of some operations is 


dependent upon the previous accomplishment of some other 
operations. Ir turns flout thar the operations can be ас 
complished in groups, of which there are a minimum of 
three, the last group occurring just before firing. The 
reasons for placing Certain operations in a certain group 
will now be examined briefly. 

Because of aerodynamic éffects the doors and launchers 


must not be extended until just before firing. Thus, these 


operations must be placed. in the laset group of operation 
to be accomplished. Similarly, because е риса! polariza- 


tion degrades radar tracking performance and is пос needed 


until che САВ-1 missiles are launched, this operation сай 
be accomplished in rhe last group. [n case the attack i 
broken off, another attack should not be begun with the 
missile parameters sec for the conditions of a previous 
attack. Therefore, the navigation parameters must be set 
at the last possible moment before firing. For safety, the 
missile should not је given the capabilicy to be armed 
until just before lai nching; therefore, this operation is 
performed with those in che last group. 

The operations [of servoing the missile range gates, 
local oscillator, and |seeker head require an amount of 
time in excess of thar allowed for the operations in the 
last group and therefore, must be starred at some time 
prior to initiation of the last group. Before che actual 
servoing operations begin. place voltage must be applied 
to the missile circuits and the missile vacuum cube fila- 
ments must be on and operating stably. Plate voltage 15 
obezined by connecting the missile batteries го the missile 
vibrator and by coupling che vibrator ошриг го the ге 
mainder of the missile power supply. This is done in che 
transfer co internal [power operation. Prior to the time 
internal missile Баш ту power is supplied to che vibrator, 
external voltage is coupled co the missile vibrator from the 
missile ۰ However, this voltage serves only to 
energize the vibrator — no power being drawn from it. 
Once the filaments have reached proper operating condi- 
tion, the servoing opération will begin wirh application of 
plate voltage го che missile circuits. Thus, the transfer to 
internal power operation can begin at the same ите as 
the servoing operations. 

Filament volrage cannot be applied to the missile cir: 
cuits at the same time as plate voltage because of the 
possibility of damaging the tubes. For reasons involving 
missile heat dissipati n (mentioned in the introduction tó 
this chapter), and in order to shorten, missile preparation 
time by hastening filament warmup, boost voltage is ар: 
plied co the filaments for ten seconds to bring them up 
со proper operating conditions. In addition, rhe missile Бас 
teries require abour séven seconds to become fully activated, 
and ic would not Беј practical to activate chem unless ап 
attack were actually underway. Battery activation, then, 18 
an attack operation and, as with che filament boost, must 
begin prior со the transfer to internal power and servoing 
operations. Thus, battery activation and filament boost have 
been placed in a chird group of attack operations. Included 
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in this third group of operations are the radar transmitter 
tuning (which must begin aš early in rhe attack as pos- 
sible because under! the worst possible condition a maximum 
of fourteen seconds could be required for che operation), 
and the missile lócal oscillator pre-positioning operation 
(which must be &ompleted before fine tuning can start 
and which involves no missile vacuum tube circuits, in- 
cluding the local oscillator, and so can be started before 
the power transfer operation). Because radar tuning and 
missile local oscillator pre-positioning are accomplished 
by the missile auxiliaries, this subsystem must be operating 
before these operations can be started. However, ic would 
not be economical! to have chis subsystem operating con- 
tinuously when iris needed only during the few seconds 
of a missile attack, 1t is not feasible to turn the filaments 
on as part of the! attack operations, but it is feasible to 
apply plate voleagé to this subsystem as parc of the attack 
operation. Place voltage, then, is applied to the missile 
auxiliaries as parr iof this third group of attack operations. 
The three groups of attack operations accomplished 
by the missile auxiliaries will be referred to as Group A, 
Group B, and Group D*. In the above list of operations, 
items 1 through 7 are included in Group A, items 8 
through 12 in Group B, and items 13 through 17 in 
Group D. (As operations 18, 19, and 20 are irreversible 
ir is desirable to initiate them as late as possible; hence, 
they are begun with the E signal.) Each of rhese groups 
of operations is initiated. respectively, by release of the com- 
puter А, B, and 0; timing signals from the armamenr con- 
trol relay шор, го the proper unit of the missile aux- 
iliaries. The signals originate in the Universal Computer 
and are coupled from this unit to che armamenr control 
relay assembly. When one group of operations has been 
completed, the next group will be initiated by a timing 
signal when che signal is released to the missile auxiliaries 
from the armament control relay assembly. Іс should be 
noted that a ciming signal may be released from the com- 
puter substantially earlier than the сите that signal 
released from the armament control relay assembly. 


2/13 E. s es m 
Establishing the Minimum Time Missile 
Preparation Pro gram 


Їс now remains to be determined at what rimes prior 
to the E signal chese operations should be initiated. Con- 
cerning che last group of operations, 1.2 seconds (approxi- 
mately) are required for the missile bay doors co be opened 


and 1.2 seconds ! (approximately) are required, for the 
| 


"Мо group С is, listed in this description because of the desir- 
abiliry of retaining a basis of comparison between the sequence of 
operations performed in preparing missiles for firing in the Hughes 
E-9 fire control system and те MG-10 system. The chief prepara- 
tory operations listed for игоир$ А, B. and. D above аге also made 
during groups A, B. and D for the E-9 system. The applicable 
operations performed during group С in the E-9 system have been 
incorporated as раг of the operations performed during group B 
in the MG-10 system. There is not necessarily any similarity be- 
tween thé two systéms in the computed time of occurrence of 
groups А, B, and D prior to the firing (E) signal. 


launchers to be extended. These operations must be per- 
formed successively. Approximately 0.64 second is required 
for the parameter computation and the remaining opera- 
tions. are accomplished [nearly instantaneously. Thus, пе 
initiation of the last group of operations is dependent upon 
door opening and launcher extension time. These opera- 
tions then should begin at the latest, abour 2.4 seconds 
before the E signal. 

Concerning the operations in Group B, the servoing 
operations require the greatest length of time and so con- 
crol the time in advange of the E signal ас which rhe 
Operations should be initiated. It has been found that Бу 


starting chese operations at a minimum time of 6.5 seconds 


іп advance of delivery ofthe E signal to the inrervalometer 
all errors should be zeroed out before the missiles are 
launched. 

Because the Group |B operations can begin only after 
the filament boost has been completed and this operation. 
requires cen seconds, thelGroup A operations cannot begin 
at a time less than 16.5| seconds before delivery of the E 
signal co the intervalomieter. Thus, the attack operations 
require a minimum period of 16.5 seconds. 


Time Compression —Far a number of reasons it would 
be impractical co require that the armament control relay 
assembly release the A timing signal, thereby initiating the 
first of the prelaunch operations, ac 16.5 seconds prior to 
the time it releases thej Е signal. If both the target and 
the іпсегсергог velocity vectors remain unchanged through; 
our an attack, and if the [interceptor is on course, compured 
time from the Universal|Computer will be identical to real 
time. If the attack were being conducted in this manner, 
each of che timing signals would be delivered со the missile 
auxiliaries at the proper time for all of the operations го 
be completed prior co the occurrence of the E signal. With 
all of the operations completed, che E (firing) signal would 
be delivered to che intesvalometer, so that launching could 
begin. When actual launching occurs in the proper time 
relationship го che Е signal as delivered from che computer, 
опе of the requirements] for a hit has been realized. 

The non- maneuvering case is shown in Figure 14(а). 
Неге the action switch} is depressed at an early time го 
begin che lock-on ргоседиге. Next, lockon occurs, and 
shortly after this the interceptor gets on course. From this 
moment, the computer time scale represented by che hori- 
zantal line is identical to real cime. The computer, chen, 
begins to “clock” downl until ас 16.5 seconds before the 
computer firing timé the A signal appears at the output 
of the compurer. The other signals occur аг the intervals 
shown. Because the computer is computing real time, the 
initiation of the operations and che occurrence of the 
respective timing signals are coincident. 

Now, if this timing sequence were used and if the 
target were co turn towards the interceptor after the A 
signal was delivered, the remaining time signals would 
occur in real time as shown in Figure 14(b). This condi- 


зе CONFIDENTIAL 


A i B 


CONFIDENTIAL 


ACTION i 7 D Е | Ч 
ша SWITCH’ LOCK-ON — SIGNAL. SIGNAL SIGNAL SIGNAL (| 
| | | |! i | | | ] i OF COMPUTER SIGNALS IN | 
i ` مععق8ہ6ا۔‎ O - 6,5 SEC. ыг SEC. ہج‎ ава ی نی‎ 
| | | | | | : 
| [ | | LE or 
| 1 Е | | E. 04, | 
GROUP A ` 


ACTION. | 
| SWITCH LOCK- он 


516 


B 
SIGNAL. 


GROUP A 


| tion is called time compression. If the target turned away 
from the interceptor, time expansion* would occur. If the 
target turns into the interceptor, the computed point of 
impact, which is ahead of the target, also moves in to- 
wards the interceptor. Because the distance to impact de- 
creases, the firing point must also move in towards the 
interceptor. As à result, che time until firing decreases and 
the time scale compresses. 

Figure 14(b) illustrates what might occur if the target 
were to turn towards the interceptor in a continuing 
maneuver after the A signal. The time between occurrence 
of timing signals would decrease by a proportionately 
smaller amount as the computed firing time is approached. 
Figure 14(b) also illustrates the result of this time com- 
pression. Тһе Alsignal starts the Group А operations. These 
operations last ten seconds, during which time the B signal 
occurs. The B signal will not be released so that it can 
initiate che Gropp B operations. until Group A is complete. 


ЧЕ а maneuver occurs during any interval (A to В, B to D, 
D to E) the timê remaining in that interval and. in each of the 
following, intervals will be decreased. or increased, depending upon 
whether the maneüver causes time compression or time expansion, 
respectively. Á maneuver is considered as occurring if there is any 
change in either the ínterceptor or target velocity vectors. Tr should 
be noted that timeicompression is different from-the decreased total 
preparation time, which would result from lare lockon. If, for ex- 
ample, lockon occurred after the time the A signal should have 
been delivered from the computer during a nonmaneuvering attack 
bur before the time the B signal would normally be delivered, the 
B and D signals would occur at the normal advance times, but the 
time between A and B signals and, hence, the A and E signals, 
would be reduced.: Thus, the А signal would be delivered from the 
computer immediately after lockon, and the B signal would be 
delivered at some time less than the normal interval. 
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Fig. 1 4(a), (b). ‘Minimum time program for missile prelaunch preparation. The timing sequence demonstrates the impracti- 
cability of using a short preparation time in attacks against a maneuvering target. 


After the ten-second period, then, the Group B operations 
begin. During this time the D and E signals occur. The 
D operations cannot Start until the B operations are com- 
plete and the firing Operations initiated by the E signal 
cannot begin until the D operations are complete, Thus, 
the actual firing would have to be delayed several seconds 
after the time at which it should have occurred. The 
missile guidance system can absorb a 1-ѕесопа firing delay 
without degrading the probability of hit excessively (this 
much delay is actually permitted). However, several seconds 
of delay cannot be absorbed and the attack described by 
Figure 14(b) would have had to have been aborted at an 
early time in order 10 conserve спе armament, Thus, a 
timing sequence such as that shown by Figure 14(a) could 
not cope with a maneuvering target. 

The actual timing sequence ts shown in Figure 15 as 
ir would be for the case of a nonmaneuvering target, the 
A signal occurring at forty seconds, the B signal at fifteen 
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Fig. 15. Actual occurrence of computer timing signals for 
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seconds, and the Т) signal at 2.6 seconds in advance of the 
E signal. As in the previous hypothetical case, each group 
of actack operations will be initiated at the same time as 
the time of occurrence of the timing signals. 

Some of the reasons for using this timing sequence 
rather than some other such as chat just described will now 
be discussed. Esséntially, che selection is a compromise 
based. on the conflicting requirements of having as much 
time between groups of operations as possible so that the 
system can tolerate time compression and having as little 
time as possible between groups of operations so that the 
system can tolerate a greater amount of late lockon, and 
so that the missile’can be normally prepared in a minimum 
amount of time. 


Initiation of Апай Operations During Radar Tracking 


Because: of фе possibility of time compression occur: 
ring, it is desirable to initiate the Group A operations as 
far in advance of the E signal as possible. However, if 
application of filament voltage is begun too early and al- 
lowed to continue! the missile temperature could rise exces- 
sively due to heat generated by che missile filaments. If 
they are begun with the A signal and if che A signal occurs 
40 seconds in adyance of the E signal (in the case of a 
nonmaneuvering itarget), a relatively large amount of 
compression can be tolerated before the attack would have 
to be aborted. However, in the event of late lockon, there 
might not be time for all the attack operations to be 
completed. ۴ о delaying хана of the E 
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Fig. 16 Actual infffation of pre-launch operations due to action switch signal and computer timing signals for the 
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signal to the intetvalométer. For this reason, the Group А 


operations are first initiated by depression of the action 


Switch, which occurs béfore lockon. In addition to the 
Group А opérations, the action switch also starts а timer. 
The timer counts off ceniiseconds, at the end of which cime 
the filament boost voltage is removed and normal voltage 


is applied. As shown in Figure 16(a), for a nonmaneuver- 


ing target the timer counts off an additional fourteen 
seconds, during which time application of normal filament 
voltage continues. This period is called а hold period. Dur- 
ing this cime the radar transmitter tuning and missile local 
oscillator pre-positioning circuits are active, although ordi- 
narily the operations willlhave been accomplished. As shown 
in this illustration, if the A signal occurs during either 
the filament boost or the hold period, the Group B opera- 
tions will begin when the B signal is received. As shown 


in Figure 16(b), if the A signal is not received during 


the 24-second interval fhe Group A operations will be 
discontinued. These op 

A signal is received. By accomplishing the Group А opera- 
tions in this manner, the missile filament will ordinarily 
nor be on continuously fora period longer than 64 seconds 
(24 seconds after action switch depression + 40 seconds 
after the A signal). The Group A operations cannot begin 
unless two minutes have elapsed from nose-wheel retrac- 
tion. This period ts required for the missile seeker head 
gyros to come up to speed. If the action switch is depressed 
during this period the Group A operations will be delayed 
until che period is completed. 
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Fig. 17. inkeivalomieter timing sequence used to initiate 


' firing operations. 


I 
In either case, che Group B operations will be initiated 


when the B sigrial is released. If the target is nonmaneuver- 


ing, these operations will begin at fifteen seconds prior 
to the E signal. The selection of this time for initiation of 
the Group B operations is not critical. Ir could have been 
established as occurring at a time slightly greater or slightly 
less than fifteen! seconds. The chief consideration involved 
is the effect of time compression. The normal period be- 
tween B and E signals cannot be too small or, as shown 
in Figure 14(b) a small target maneuver could result in 
an aborted attack. The B signal will initiate the Group B 
operations and сагс the timer. The timer is used to estab- 
lish whether an abort condition exists, and, therefore, in 
the nonmaneuvéring case, its use has no significance. 

The D signal occurs at an advance time of 2.6 seconds. 
One of the conditions for chis signal initiating the Group 
D operations isithat che g-limit switch? must be closed. If 
the g-limit switch is not closed at the time of occurrence 
of the D signal the present ateack will be aborted unless 
the D signal can be made to occur again. No provision has 
been made го abort if the g-limit switch opens after the 
D signal. If thei g-limit switch is closed, the D signal will 
initiate missile bay door opening, parameter relay setting 
( which requires a maximum of about 0.64 seconds), trans- 
fer to elliptical ‘polarization, missile local oscillator tuning 
motor damping; and will scart the timer. The timer clocks 
1.5 seconds and! is used to establish whether an abort con- 
dition exists. Occurrence of the D signal was set at 2.6 
seconds as a compromise between setting it at à small 
advance time so that the Group D operations could be 
accomplished a§ close to the firing as possible, and ага 
greater advance: time, so that a greater amount of time 
compression could be tolerated. 

The Group E operations begin when the firing signal 
is delivered froin the armament control relay assembly to 
the intervalometer, which is che source of the various. tim- 
ing signals used to initiate the. firing operations. Release 
of the E signal; to the incervalometer requires completion 
of the: 1.5-second period from the initiation of the Group 
D operations and completion of the door opening and 
launcher extension operations. Each of che Group E opera- 
tions. is initiated by a signal E through Е. The various 


?The g-limic|switch is actuated by the accelerometer, and is 


closed between وہ‎ апа +3'g This interlock is required to: 
prevent damage to the missile مات‎ mechanism, which might: 


occur iftthey werefactuated during а high “g” maneuver. 


times at which the Group E operations are initiated are 
shown in Figure 17. The operations initiated by the inter- 
valometer timing signals are listed as follows: 

E | —E (firing) signal starts intervalometer, causes, 
warhead|weight release squib? activation, mis-: 
sile navigation parameter fuse blowing, and 
waveguide shutter" release. 

E-E, — Missile seeker head correction time. 


E, — Igniter signal delivered to two side missiles in 
one bay. 

E, — Igniter signal delivered co center missile in. 
same bay. 

E,-E, — Time allowed for missiles to clear launchers. 

E,  —Retract laft launchers and extend forward 


launchers (if a salvo of six missiles is fired, 
the afr Ч are fired first). 

E,-E,— Launcher extend time. 

E,-E, — Missile seeker head correction time. 


E, --Ірпкег signal delivered to two side missiles in. 
second bay. 

E, — Igniter signal delivered to center missile in. 
second bay. 


E,-E; — Time allowed for missiles to clear launchers. 

E; — Launcher retraction started. 

E,-E, — Time required for launcher retraction. 

E,  — Door closing started (completed in approxi- 

mately 12 seconds). 

If only three missiles are to bë fired, che timing se- 
quence will өтіс alll operations after E,. Total time re- 
quired from delivery of che E signal го the incervalometer; 
to door closing for launching of the missiles in one bay 15! 
approximately three seconds, an additional 1.8 seconds is 
required for launching a full salvo of six missiles. Ic should 
be pointed оис thar diis timing sequence is not necessarily 
firm. Other sequences} һауе been devised and may be used 
in the production MG-10 system. Basically, however, che 
firing sequence described is representative and any other 
will differ only in detail. 


Aborting* tbe Preparation Program 


As mentioned previously, the missile guidance system 
can absorb a one-second delay between the time the mis- 
siles should be launched and the time actual launching 
occurs, without excessive degradation of the probability of 
hit. If during the time the missiles are being prepared for. 


a 


"Activation of this squib releases the warhead weight farming? 


mechanism). If an acceleration equivalent to the rocker тогог' 


thrust acts on. the warhead weight, thé warhead weight will cause. 
the warhead to be armed? 
"The waveguide shitter is a wire attenuator located ín the 


missile waveguide between the missile antenna and mixer. 1: pre- 


vents high power transmissions from damaging the crystals in the 
mixer. When it is blown, it offers no attenuation to energy being 
coupled from the antenn to thë mixer. 

“By abort it is meant that the missile preparation is stopped. 
In order for it to recycle] beginning with the Group A operations, 
the armament selector switch оп the armament. control panel must, 
be reset. The pilot is notified of an abort condition by appearance: 
of the pull-out warning signal on the radar indicaror. Radar lockon' 
is not broken, however. 
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launching,» it appéars thar the preparation program will 
not be completed until а time greater than one second after 
delivery of the E signal from the computer, then the missile 
preparation should be stópped in order to conserve the 
missiles. Provisions have been made in the MG-10 system 
for automatically ‘aborting the preparation program if ic 
appears thar a gréater than one-second delay in firing will 
be incurred. The preparation program can also be aborted 
manually by the pilot if he changes the armament selection, 
depresses the Return to Search switch, or if he places the 
arinament master jswitch in the Safe position. 
The preparation progràm will be automatically aborted 
if any of the follówing occur: 
1. Loss of lockon after the В and before the E signal. 
2. Delivery iof cwo timing signals from the computer 
during che timing period initiated by a previous 
timing signal. 


“ies SECONDS = 


1 


m T 


3. Delivery of the E signal from the computer before 

initiation of the Group D operations. 

It can be readily s len that if any of these condicions 
occur, firing will almost] certainly be delayed by a greater 
than one-second period] For example, if lockon is lost, а 
few seconds will ordinarily transpire before it can be re- 


gained. If lockon were lost after delivery of the B signal, 


less than fifteen seconds would ordinarily remain until 
delivery of the E signal. However, if time expansion oc- 
curred after lockon waslllost, the time until delivery of the 
E signal would increase.|If there is a possibility of this time 
interval increasing to the extent that ir would be equal 
to the time required for lockon to be regained, plus the 
16.4 seconds required for completion of the preparation 
program, then the preparation program should not be 
aborted. The maneuver required to produce this much time 
expansion if lockon is lost after the B signal is most un- 
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Fig. 18. Several interesting cases which develop as a result of the opplication of the rules governing the. 
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likely to occur. Thus, if lockon is lost after the В signal, 
a greater than orie:second delay in firing will almost cer- 
tainly occur. This! being the case, it is better to abort the 
attack immediately rather than permit it to continue. On 
the other hand, if lockon were lost shortly after the A 
signal was delivered, there would ordinarily be sufficient 
time for lockon to be regained, and for the preparation 
program to be completed without a greater chan one-second 
delay in firing occurring. In this case, then, the missile 
preparation program would be discontinued rather than 
aborted. When lockon is regained, the preparation program 
will be recycled with delivery of the A signal without the 
need for resetting: the armament selector switch. 

Similarly, it.can be shown that the remaining two 
abort conditions will result in a greater than one-second 
delay in firing. 


Initiation of Attack Operations During 
Optical Sight Tracking 


As discussed ип the armament selector panel portion 
of the cockpit subsystem chapter, only GAR-1B missiles 
can be fired when target tracking is accomplished by means 
of the optical sight in the pure pursuit mode. Only a 
portion of che attack operations listed previously for GAR-1 
missiles are requited for GAR-1B missiles. These opera- 
tions are: 

Group A Opérations 

1. Missile filament boost voltage on. 

2. Missile filament boost off (after 10 seconds), 
normal voltage on. 

3. Missile electronic package and battery heaters 
off. 

4 Missile auxiliary subsystem plate voltage: on. 

5. Activate missile battery. 

Group B Opefations 

I. Transfer missiles to internal missile power. 

2. Servoiseeker heads of selected missiles to point 
along tadar boresight line. 

Group D Operations 

1, Compute missile navigation parameters (r, p). 
2. Openjmissile bay doors. 
3. Extend missile launchers, 
Group E Operations 
Same as for GAR-1 missiles. 

During pure pursuit attacks, the optical sight reticle 
will be caged to point along the radar boresight line and 
the computer timing signals will not be available for use 
in programing се GAR-1B missile preparation. For this 
purpose, these signals are simulated by use of the trigger 
switch on che flight stick. In general, the first position of 
the trigger is usedjto initiate the operations which begin 
when the A, B, and D signals are delivered to the missile 
auxiliaries from the armament contro] relay assembly and 
the second position of the trigger is used to simulate the 
E signal and so bégin the firing operations. However, as 
illustrated here by Figure 18(a), if the trigger is de- 
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pressed to the second position initially all four groups of 
operations will begin in succession. Аз shown in Figure 
18(b) if the trigger isidepressed to the first position in- 
itially and held in the position indefinitely, all of the above 
preparatory operations, except Group E, will be accom- 
plished in succession. The launchers will remain extended 
until such time as the|trigger is released. If, instead of 
releasing the trigger, the pilot depresses it to the second 
position [see Figure 18( b) 1, the Group E (firing) opera- 
tions will be initiated. 

Fourteen-second hold periods clocked by the timer 
are provided after the timing period following the initia- 
tion of each group of Operations in order to prolong the 
missile preparation program if the pilot wishes to delay 
firing, but co still keep the missiles in a desired near-ready 
condition. A hold period will be entered after a timing 
period is completed if the pilot releases the trigger during 
the timing period. [Set Figure 18(c).] A hold period 
can be stopped and the next timing period entered by 
depressing the trigger. |By releasing and depressing the 
trigger alternately while] the timer is operating, then, the 
pilot can hold the missiles in any one of the three pre- 
launch readiness conditions. Or, as shown on Figure 18(d), 
the missile preparation [program can be stopped by per- 
mitting the hold period to run out without depressing the 
trigger. When the switch is depressed again, the prepara- 
поп program will be re-initiated beginning with Group А 
operations. During the |hold period, the missiles will be 
held in the readiness condition which existed at the end 
of the preceding timing period. 

The one exception|to this is the hold period after 
the D timing period. When the hold period is entered, the 
missile bay doors, which |were opened during the D timing 
period, will be closed rather than kept open and the state 
of preparedness will revert back to that existing before the 
initiation of the Group |D operations. By depressing the 
trigger to the first position for at least 14 seconds (that 
is, until the Group D operations are initiated) and then 
releasing it, the pilot сай completely prepare the missiles 
for launching, accomplish door opening, and partly extend 
the launchers. If he delays depressing the trigger to the 
first position for a moment, the launchers will retract and 
the doors will close. Then, if he alternately depresses and 
releases the trigger in quick succession, he can keep the 
missiles in a final state оЁ геад11655. When he depresses the 
trigger to the second position the doors will be fully 
opened, the launchers will be extended and then the Group 
E operations will begin. 

In the pure pursuit [mode no means of automatically 
aborting missile preparation is provided. However, the 
preparation can be manually aborted if the armament selec- 
tion is changed or if the armament master switch is re- 
turned to the Safe position. 

On the fold-out page, Figures 19 and 20 and Table I 
have been included to summarize the missile preparation 
program. 
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TABLE |. OPERATIONS REQUIRED TO PREPARE FALCON MISSILES FOR LAUNCHING 


TITLE 
I. PREPARATORY OPERATIONS! 


. . ~ 


B. Operations initiated by позе wheel ге: 
traction.” ۱ 


۳۹ 


H. ATTACK OPERATIONS. 


Group A | 


Group В 


Group D 


Group E 


dl 
00۶ 


Missile electronic package and battery кез оп. 


External power to missile rate gyros. 
External power to missile seeker head "Y (42 volts for 2. minutes, then reduce to 


30 volts}. 
Missile crystal heater on. 
Missile vibrators energized (to prevent ui din no power drawn). 


Voltage applied to plates of vacuum tubes in missile auxiliary subsystem. 
Missile electronic package and battery heatérs off, 

Missile high filament voltage on (applied for 10 seconds). 

Missile high filament voltage off (at end off 10 seconds) and normal voltage on. 
Radar tuned, to pre-selected frequency (fineituning cuts in: automatically ) *. 
Missile local oscillator pre-positioned". 


Missile battery squib. fired to activate missil battery (irreversible action). 


АП selected missiles transferred to internal|power — external power disconnected from 
мен rate gyros, Seeker head gyros, filaments, and vibrator; and internal voltage 
applied. 
Radar prf shifted from 910 pulsés per second, jittered, to one of five missile prf's 
(2000 pulses рег secónd, потта)“. 

Missile range gate servoing operation Берип“. 

Fine tuning of missile local oscillator begun’. 

Missile seeker head uncaged and servoing begun. 


Missile اسم‎ Parameters computed | PR requires a maximum of 0.64 
seconds). | | 


Radar transferred to elliptical polarization. 

Missile bay doors opened. (requires approximately 1.2 seconds) and launchers in one 
bay extended (begins when doors are fully open, requires approximately 1.2 seconds). 
Damping voltage applied to missile local ojcillator tuning motor". 


‘The following operations, although initiated by al E signal, are not controlled (with the, 
exception. of the operations listed beside E) by the missile auxiliaries: 


Intervalometer started, warhead weight release squib activated (irreversible), wave- 
guide shutter released (irreversible), navigation parameter fuses of first three missiles 
blown (if six missiles have been selected the fuses of the second three will be blown 
one second later). | 


Missile seeker head correction ume. 

Igniter signal delivered to two side missiles [iiv first bay. 
Igniter signal delivered ta center missile in. frst bay. 

Time allowed for missiles to clear launchers! 

Retract frst launchers and extend second Јаўпсћегз. 
Launcher extend time. 

Missile seeker head correction time. ۱ 

Igniter signal delivered to two side missiles|in second bay. 
Igniter signal delivered to center missile in second bay.. 


Time allowed for missiles to clear launchers] 
Launcher retraction started. 


Time required for launcher retraction. 
Door closing started. 


"The necessary power} to accomplish these. operations is supplied by che power supply subsystem co the missile auxiliary subsystem power | 
switching circuitry. This circuitry processes: the.a-c power reducing it to che proper amplitude. Ac the radar Warm and nose: wheel retraction 


signals this power is properly switched co the correct loads. 
1 


| 


| | 
"A maximum of seven minutes. is required for che full fire coatrol system capability after che system has been "soaked" at —65 degrees Fahr- 
enheit. Full fire control system capability is not necessary when GAR-1B missiles are launched from a pure pursuit course. 


| 


* At least two minutes must elapse berween nose wheel retraction and initiation of che Group A operations. 


! 
‘Not applicable co GAR-1B missiles. 
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| | въ Е B в E E Ёоо 
і 1 2. 1 00۵15 
I Group B Closed 
! I Operations 
; Filament Boost —— | Initiated 


10 seconds* | 4 seconids* 
[| | 

! 1 
< Initiated by action switch. or А 
signal if two minutes” * have 
elapsed from nose-wheel retrac- 
tion, 


Initiated by E signal ІҢ launchers are extended and if 1.5 seconds. 
have elapsed berween| initiation of the D operations and the: 
E signal. 


Initiaced by D signal if 4 seconds have elapsed. from initiation of 
Group B operations, and if g-limít switch.is closed. 


Initiated by B signal if 10 seconds have elapsed from 
initiation of Group А opérations. 


*This period is clocked by the timer.. 


** ۶ the action switch is depressed before this interval is completed, the Group A operation will not be initiated until interval is complete. 
| l š 
* * * Most of these intervals are clocked by the intervalometer. 


Figure 19 — Sequence. of missile preparatory operations controlled (except for firing operations) by missile auxiliaries 
for attacks using radar tracking. 


| | 


Hold Period * * 


Filament Normal ame conditions exist as 
—Group A Operations 4 ۱ | | 2 se терін Ti соо 
Initiated ! | - =—14 seconds* operations discontinued ) 
۱ roup.B I I 
| | Operation Н | " 09 
|, Filament Boost i | Initiated ۱ Group Е Operations (same as for radar attacks) 
! 10 seconds * ۱ 4 *: 


| | 
Initiated|by second position of trigger if launcher 
extension is completed. 


Initiared by first or 8-0 by ane 
A second position o 
second position of | Эб рози 
ере eres m utes | trigger, if 10 seconds 
have elapsed from у haye elapsed from 
nose-wheel retraction | initiation of | 
| Group A operations. 


Initiated by first or second position of trigger if 4 seconds have elapsed from 
initiation of Group B operations and if g-limit switch is closed. 


! : 
*This period is clocked by the timer. 
3 ` Ч oe . 4 Li 5 We 2 5 ۳۹ CE NN 
* * A hold period is entered; if trigger is released from first position during the previous timing period. 


| 
| 
Figure 20 — Sequence of GAR-1B preparatory operations initiated by trigger signals and controlled [except for firing 
| operations), by missile auxiliaries during attacks using optical sight tracking т pure pursuit mode. 
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ЕШ | C. COCKPIT SUBSYSTEM 


| All controls necessary for operation of the MG-10 
| system are contained i in this subsystem. In addition, certain 

information derived from che radar and. computing sub- 
й system, the fighter identification system (if added), and 


| . 7 , . 7 . fate 
| the data-link subsystem is presented on thé radar indicator. 
| 


Dara-link information} concerning target altitude is pre- 
sented on the target altitude meter. Radar antenna position 
information is coupled to the servoed optical sighthéad to 
affect che reticle position. The locations of the various. 
components of the cockpit subsystem аге shown in Figure 1. 


Fig. 1. Location of the MG-10 cockpit subsystem components in the cockpit of the F-102A. 
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Fig; 2. Radar set control panel. 


Radar Set Control Panel 


This panel (іе shown in Figure 2. kt consists of the 
master power switch and the radar range and mode selector. 
The functions of the master power switch are: 

OFF All power off. 

WARM " Power applied to a minimum 
of equipment to keep the 
weapons system in a ready 
condition for prolonged pe- 
riods. This is che recom- 

( тепага made for interceptors 
on two-minute alert status. 

ON | Full power applied to system. 

STANDBY' Essentially the same as ON, 
except that radar is not trans- 
mitting, and the radar an- 
tenna is deflected down to 
clear the automatic instru- 
ment landing approach sys- 
tem ( AILAS) glide slope an- 


tenna. 


The functioñs of the radar range and mode selector are: 


6-MILE ог, 30-MILE Place the 6-mile or 30-mile 


range sweeps, respectively, on 
the radar indicator, and cause 
| the 6-mile or 30-mile edge 
| lights, respectively, above the 
scope face to become illumi- 
| nated. Used for search and 
| attack. 
200-MILE MAP or Place the 200-mile sweep on 
200-МІ. BCN. the radar indicator. Used for 
radar ground mapping navi- 
gation mode and radar beacon 
navigacion mode. Not possible 
| to make an automatic radar 
attack. in either mode. 


۳ * А 4 . g А 
Antenna Scanning Control Panel 


4. x М « Я %.. У 
As shown in Figure 3, this panel contains ewo con- 
trols, the anrenna scan elevatión control and the anténna 


CONFIDENTIAL 


| CONFIDENTIAL | 


scan azimuth control, | 
With the antenna scan elevation control in the UP , 
position the center of|the antenna elevation scan. can be | 
varied up to a maximum. of 35? above the antenna hori- 
zontal reference plane|In the DOWN position it can be 
varied. up тоа maximum of 15? below che reference plane. 
The antenna зсап| azimuth control provides selection 
of four azimuth scan patterns with respect to the antenna 
vertical reference plane, as follows: 
“L” (left) 70° left co 10° righe 
"C" (centér) 40° left го 40? right 
"B" (broad) | 709 left co 70? right 
“К” (right) 10° left co 70? right 


Radar Indicator 


This unit consists essentially of a 5-inch two-gun 
cathode ray tube, a plastic impregnated fiberglass dust 
cover, and a polaroid | light filter. The face of the radar 
indicator is shown in Figure 4. 

Edge-lighted lettering (OPENING, CLOSING, 3, 6, 
and 9) on the opaque rim and radial lines on the trans- 
parent center of a plastic overlay which covers the scope , 
face form the permanent portions of the radar display. 
Edge lights on top of the indicator face indicate, by being : 
on or off, whether the|maximum range of the sweep trace 
is 6 or 30 miles. Six scope adjustments аге located around 
the periphery of the indicator. The two grooved knobs on 
the left and right lower half of the indicator are pilot 
adjustments which are rotated со control che intensity of 
the beam from the attack gun and search gun, respectively: 
A portion of each ofthese knobs extends through slots. 
in the dust cover for manipulation by che pilot. The screw- 
driver adjustments on the top portion of the indicator face 
are for ground crew tise in adjusting the focus of each 


gun, and for ап astigmatism correction and total tube 
current adjustment. The polaroid filter (not shown) covers 
the entire indicator face. The adjustment arm extends 
through a slot in the dust cover for manipulation by the 
pilot. When fully rotated for night operations the filter 


permits only the red portion of the scope illumination to ' 


Fig. 3. Antenna scanning control panel. 
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Fig: 4. Face of radar indicator. 


| 
pass, thereby preserving the pilors adaptation to the dark. 
The search рша is used for writing the conventional 
B-scan search display, and the attack gun is used to write 
the artificial horizon indication and for writing either the 


dara-link display ог the attack display. The artificial horizon 
indication. and the various other indications peculiar to 
either the attack or data-link displays are time-shared. 

The indications that are displayed during the various 
‘phases of operation are as follows. 


Inierception or S earch Phare 


During the interception or search phase, which. is the 
condition in which the radar is operating in either the 
6-mile ог 30-milé range and the action switch on che left- 
hand grip of thejflighr stick із not depressed, the following 
indications. (see Figure 5) are displayed if the data link 
is not in operación: 

(a) Artificial horizon. 
(b) В-5сай search trace showing target video (if presenr). 

If the daca link is in operation, and either the 6-mile 
or 30:mile rangé sweep or the 200-mile range sweep is 
being used, the following indications will also be displayed: 
(а) Арти steering error doc—- This. indication occurs 
only along the horizontal diameter of the screen. 

(b) Time circlel— This element, whicti is centered on the 
display, appears when indicated time to the offset point is 
۱27 seconds. АС this time the circle is at its maximum 
diameter of 3 inches. The diameter of the circle decreases 
linearly with tinie-to-go to offset point. When the offset 
point i$ reached the trace is removed from the screen. 

(c) Target marker circle— This is a l-inch ring whose 


displacement from е center of che display represents 
the range and azimuth|of the target relative to the inter- 
ceptor. For azimuth values in excess of = 70°, ог for ranges 
in excess of the 007 range scale (this circle does not 
appear on the 6-mile range), the circle is maximally de- 
flected го indicate saturation with respect to the raster area. 
If the validity of the |data-link information is uncertain, 
and if the Stage 1' conditions are present, this element 
will be removed from |фе display arid. will not reappear 
until valid information [is available. If this condition occurs 
after Stage 2 has been entered, the target marker circle will 
be transformed intova pair of vertical lines spaced one inch. 
apart. The mid-position| bracketed. by the lines corresponds 
to the lastr remembered target bearitg іп azimuth. The lack 
of range bracketing indicates invalidity of range information. 


Lockon Phase 


During the lockon phase (see Figure 6), in which 
the radar is operating] in the 6-mile or 30-mile search 
range and the action switch is depressed, thereby placing 
the system in manual search, the following indications will 
be displayed: 

(a) Artificial horizon 
(b) Range sweep line $howing video signals 
(c) Range gate cursot, 

"These indications |will also be present if the lock-on 

operation is conducted |when the atmament selector switch 


1Stage 1 is entered when data-link information is firse received, | 
and ends when Stage 2 i$ entered. Stage 2. begins after the turn 
through the offset point and whén the azimuth steéring error is 
reduced to some ptedetermined valüé, and erids with target acqui- 
sition. 


DATA-LINK 
TARGET 
MARKER 
CIRCLE 


И DATA-LINK 
STEERING 


DATA-LINK - 
TIME -TO-GO 
CIRCLE 


ARTIFICIAL 
HORIZON 


Fig. 5. Search and data-link presentation on 
radar indicator. 
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on the armament control panel is in che SNAKE position. 

If the ‘data link is in operation the data-link azimuth 
steering error dor will also be present, and if the radar is 
operating in the 30-mile search range the target marker 
circle will also beiidisplayed. As the lock-on operation is 
ordinarily not begtin until after the offset point has been 
passed, the time circle will not be displayed during this 
time. 


Radar Attach Phasë | | — PULLOUT 
WARNING 

During the radar attack phase (see Figure 7), which اا‎ 
begins when radar lock-on is achieved and the action 
switch is released, the. following indications will be dis- 
played: 
(a) Artificial horizon 
(b) Range sweep line showing video signals 
(c) Range gate cursor (now coincident with the target 

video) 
(d) Range circle 

The circle has a gap used ro indicate by its radial 
position the opening or closing гасе between target and 
interceptor. The actual numerical value of this rate can 
be estimated by means of the position of the gap relative 
to the edge-lighted numerals and small radial lines on the 
overlay. These аге! calibrated in hundreds of knots. When = 
rockers are selected this circle will remain at its maximum 
diameter of 3 inches until the range diminishes to 5000 
yards, and when rhissiles аге to be fired it will remain ас 
its maximum didmeter until che range diminishes to ; 7 2 3 
25,000 yards. К КЕ 
(е) Steering reference circle 


REFERENCE 
CIRCLE 


STEERING DOT 
{CENTERED} 


TARGET 
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23 ARTIFICIAL 
_ № 7 HORIZON 
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CIRCLE: . 
RANGE GATE | 4 | 
CURSOR "du. 3 4 ЗИ Р” ` نز‎ xot 
7 ARTIFICIAL = RANGE RATE GAP 
BANG HORIZON 
Fig. 6. Scope présentation during lock-on operation with Fig. 7. Various scope presentations appearing during a 
data:link information being presented. radar lead-collisiot attack or SNAKE operation. 


4 


7 CONFIDENTIAL 


CONFIDENTIAL 


| 


This circle will remain at а maximum diameter of 2 
inch until the tinie-co-go: diminishes: to 20 seconds (for che 
rocker lead-collision or Snake modes), or until the missile 
B prelatinch timing signal (if missiles have been selected), 
after which time lic collapses to V4 diameter. It remains at 
this diameter until the pull-out warning indication ap- 
pears. | 
(f) Steering err dot 
(g) Pull-ouc indication 

This pull-ouc indication (а cross) appears іп the 
center of the digplay, replacing the attack display when 
the rocket-firing" signal or a collision-warning signal is 
delivered, or if missile preparation is aborted. When mis- 
siles are fired it appears three seconds after the missile- 


firing signal is delivered. In rhe first cases this indication 
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will remain on the screen until radar lockon is broken,‏ 


after which. the system will automatically return го auto- 


matic search. In the last case the indication remains until 
armament is reselected or the system is returned to auto- 
matic search. ! 


Ground Map Phase 


During the ground map phase (see Figure 8), 
following indications will appear: 
(a) Artificial horizon 
(b) B-scan search trace showing video signals 

By moving the IFF-Beacon Expand switch on the 
flight stick to the EXPAND position, it is possible то 
‘expand. over the ‘entire display che 20-mile portion above 
the marker. ! 


АКТ! Е ICIAL 


HORIZON GROUND 


AREAS 


EXPAND 
‘STROBE 


ARTIFICIAL 
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Fig. Фа), Scope presentation showing beacon replies. 


Ground Вейсоп Phase 


During the ground beacon phase, which is illustrated 
by Figures O(a) and (b), the following indications will 
be displáyed: 

(a) Artificial horizon 
(b) B-scan search ttace/showing video from ground beacon 


BEACON 


ARTIFICIAL REPLIES 


HORIZON 


Fig. 9(bl, Scope presentation showing expanded beacon 
replies. 
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For ease iñ identifying grouüd. beacons it ts possible 
to expand the replies, as shown in Figure 9(b), by mov- 
ing the range marker just under the unexpanded response, 
and by moving the IFF-Beacon Expand switch to the 
EXPAND position; 

Although it is nor possible to lock on to a target or 
beacon in the ground map or ground beacon modes, it 
is possible to searchlight a target or a beacon by means of 
the antenna hand control. 


Left-hand Indicatór Control Panel 

This panel (Зее Figure 10) contains (а) а spring- 
loaded push button labeled ANTI-JAM that causes the 
frequency of the tunable magnetron co be varied within the 
limits of the search frequency band, and (b) a control to 
adjust the pitch indication of the artificial horizon presenta- 
tion. Pressing this, control will cause the vertical gyro to 
fast erect. 


Right-hand Indicator Panel 
| 


This panel (šee Figure 11) contains (a) a two-posi- 
tion toggle switch; that provides for selection of eicher che 
normal operation of the radar or the anti-clutter feature, 
and (b) a control which varies the gain of the radar re- 
ceiver for optimurn video brightness on the radar indicator. 


Flight Control Group 


This control (see Figure 12) is a dual-head flight 
control stick, and! comprises two hand grips mounted on 
a yoke attached to the aircrafe flight stick. The configura- 
tions of the two |grips, their respective functions, and che 
functions of the yoke controls are as follows. 


Right-hand Control 


This elemede is the usual flight stick control head 
attached to the aircraft flighe stick. It is similar to che Аш 
Force B-9 control, and houses. the following switches: 


(a) Armament trigger — This control, a 3-position spring- 
loaded trigger switch, is effective only when the nose wheel 
is retracted and the arming switch on the armament control 
panel is sét to ARMED, and when the system is in the 
optical modes, ór when either trigger salvo position has 
been selected оп е armament control panel. Pressing the 
trigger from thei'normally open position to the first closure 
position opens the doors and extends the launchers if the 
selected armament is loaded on the launchers. If GAR-1B 
(optical } missiles have been selected, extension is delayed 
approximately 16 seconds to allow for missile preparation. 
The second! closure position will fire the armament 
selected. Again, in the case of GAR-1B missiles, it is neces- 
sary that the missile preparation be completed before firing 
can occur. The chapter on the missile auxiliary subsystem 
contains a more, complete description of missile firing. 
(b) Manual móde trigger — This switch, operated by the 


Fig. 10. Left-hand indicator control panel. 


second and third fingers, ts interlocked with all modes of the 
AFCS (automatic flight control subsystem). 

In the AFCS pilotlassist mode, pressing the trigger 
places the aircraft in manual control; releasing it causes 
the piloc-assist function со operate so that the aircraft 
maintains the attitude or heading prevailing ас the time 
of release. The altitude| hold provision must be selected 
after release of this trigger. 

In the AFCS attack mode, automatic control is iniciaced 
after lockon, providing! an armament selection has been 
made, and providing the manual mode trigger is not de- 
pressed. Pressing the manual mode trigger at this cime 
will returri the aircraft to manual control; releasing it will 
restore the AFCS subsystem to the attack mode providing 
lockon has been maintafned and the selected armament has 
not been fired. 

Operation in the pilot-assist or attack modes is con- 
гіпдепг upon the selector switch оп the AFCS panel, (flight 
mode remote switching}control panel), being in che AFCS 
position and the pitch|and yaw dampers being engaged. 
Operation in the AILAS mode requires that, in addition, 
the AILAS switch be in the AILAS position. Additional 
information concerning; AFCS controls is contained in the 
last, (flight mode remote switching concrol), section of 
this chapter. 


(c) Emergency manual switch — This is a SPST momen- 
сагу conract, normally [closed button switch. Actuation of 
this switch disengages|the AFCS subsystem and the pitch 


anti 
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Fig. 11. Rightzhand indicator control panel. 
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| and yaw damper,,and places the aircraft in direct-manual 
mode. 


| (d) Trim burcorii— This is а chumb-operated, 5-position, 
momentary contact, normally open switch. In the manual 
mode, this button serves to crim the aircraft in pitch by 
longitudinal movement and in roll by lateral movement. 


Fig. 12. MG-10 dual-grip flight 
control stick." Yoke of the flight 
contro! group, attaches 1o aircraft 
flight stick. | 
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When used wich the pilot-assist mode of the AFCS it 

; ü. oe تا‎ a 
serves as a vernier raté input of pitch and bank attitude 
to the subsystem. 


(e) Microphone and nose wheel steering switch — This 
is a thumb-operated, SPST, momentary contact, normally 
open button switch. It is interlocked with the nose landing 


ажа ورد‎ ig 


gear to provide a dual function. Pressing the button when 
the nose wheel is dawn] loaded, and at a turn angle of less 
than 55? provides for pilot control of nose-wheel steering; 
at other times che button provides for microphone control. 
(A second microphone Бигоп is provided on the throttle, 
so chat the pilot is ай no time without communication 


facility.) 
Left-hand Control 


The left-hand grip} is called the radar antenna hand 
control. This grip, which pivots about its base, is spring- 
loaded and returns to its neutral (vertical) position when 
not in use. With the control in neutral, the antenna points 
forward at an elevation angle determined by che setting of 
the elevation control (sée below). When the action switch 
(see below) is depressed, the antenna azimuth position 
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and range gate position 4 are slewed to the position of the 
hand. control. Left ава right movements of the hand con- 
trol produce corresponding left and right movements of 
the antenna. Forward and backward movements produce 
corresponding upward and downward movement of the 
range gate (in the 6-mile or 30-mile search mode) or of 
the strobe (in the Bround map or beacon mode) on the 
radar indicator. The; irange gate may be moved outward in 
range up to 15 miles; the strobe may be positioned to 
represent ranges of from 5 to 200 miles. The grip houses 
the following switches: 
| 

(а) Action switch — This i is a spring-loaded. SPDT trigger 
operated by the index finger. When pressed, the trigger 
transfers control of the antenna from the automatic 
scanning circuits to the hand control, and, if che system is 
in the 6-mile or 30; mile search modes, causes the range- 
rate to appear on thie radar indicator. With the system. in 
the 6-mile or 30- mile search modes, and after a target has 
been spotlighted in: azimuth, elevation, and range, release 
of the action switch’initiates automatic cracking. 

In the 200-milé navigation modes, the lock-on circuits 
are not energized, and target acquisition is noe possible. 
The strobe is displayed ar all times, even though the action 
trigger is noc depressed. 


(b) Elevation control — This is a chumb-operated roller 
control which varies the elevation angle of antenna radia- 
tion over a + 6% angle. The elevation roller provides 
vernier control of ihe ELEVATION scan switch on the 
antenna scanning cóntrol panel. 


(c) IFF-beacon expand switch — This is. а chumb-operated 
SPDT roller switch!used for target interrogation, air-to-air 
beacon, and radar beacon display expansion. 

In all system modes, the lower position of the switch 
provides for air-to-air beacon operation, resulting in intensi- 
fication or blooming of the echoes of responding targets 
on the indicator ѕсіееп. 

When the system is operating in 6-mile ог 30-mile 
search or in automatic track mode, the upper position of 
the switch provides for IFF interrogation, resulting in 
blanking of the echioes of responding targets on the screen. 

When the system is operating in the 200-mile navi- 
gation modes, placing the switch in the upper position 
causes the 20-milelportion of the display extending out- 
ward in range from the strobe to be expanded over the 
entire display. As the display is equal to 200 miles, a 

10-ю-1 expansion of the 20-mile portion is achieved. 

Both the upper and lower positions of the switch are 
momentary-control; in either position the system anti- 
clutter circuits are disabled. 


(d) Return-to-search switch — This is an SPST momen- 
tary contact, normally closed switch operated by the index 


finger. Ic functions to disconnect rhe antenna-posicioning 
circuits fram manual or automatic tracking control (rhere- 
by breaking lockon), and! ro return the antenna to the 
automatic search scan program. 


Yoke Controls 


(a) Manual lock controll— This is a mechanical latch 
mounted in the yoke of the dual-head flight control stick 
assembly. The latch is moved forward to free the left-hand 
grip for antenna control functions; it is moved aft to lock 
the grip in its neutral ii id 


(b) Nose-cail switch — This is an SPST coggle switch 
which functions to pov manual control of the nose-tail 
relay in che synchronizer | prior to lockon. Ic is used to 
facilitate lockon го а chaffidispensing target. In the forward 
(NOSE) position it selects rhe leading edge of the target 
echo for tracking. ln che ак (TAIL) position it selects the 
crailing edge of the echo|for tracking. In normal use the 
NOSE position would Бе] selected when the radar line of 
sight was in che гагрегз forward hemisphere, and TAIL 
when the radar line of(sight was in the targets rear 
hemisphere. 


(c) Optical sight cage-uncage switch — This is an SPST 
toggle switch, furnished as part of che provisions for a de- 
flection-type optical sight) and is mounted on the yoke of 
the dual-head Aighe contlol stick assembly. In che CAGE 
position, the switch provides for caging the radar antenna 
along the antenna себе псе line, providing an optical 
mode has been selected on the armament control panel. 
Wich che switch in the UNCAGE posicion (and the sight 
reticle maintained on the кагрес), the gyros on the antenna 
will sense the rate of change of the line of sight, and will 
serve as an input to the|computing. system. co derive the 
appropriate lead angle. 


Target Altitude Indicator 


This meter (see Figure 13) is used to display target 
altitude above sea level (ир to 60,000 feet) as received 
over the data link. 


Armament Control Panel 


This panel (see Figure 14) is not part of the MG-10 
system, but as selections. made on it affect operation of the 
MG-10 system and che jentire armament control system 
(which inclüdes certain MG-10 components), ic will be 
discussed in detail. In brief, selections. made on this panel 
are used in the weapons system to make a variety of arma- 
ment decisions. 

The armament master switch has two positions, 
ARMED and SAFE, which affecr system: operation in а 
manner which depends on the setting of the armament 
selector switch. If the armament master switch is in the 
ARMED position, the armament selector switch permits 
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sélection of a number of госкег salvos; sélection of SNAKE 

opération, «and. seléction of a number of missile salvos, 
The four rocket salvo positions of the armament selec- 

tor switch and rhéir functions аге as follows: 

Са) Trigger salvoi— This position provides for emergency 


salvo firing of all rockets when the stick trigger is depressed. 


(b) ОРТ — This!position selects:all available rockets (up 


to 48 maximum ), and perinits activation of all circuits 
necessary for the firing? of rockets with the optical sight 


and trigger. If the pilot steers to keep the optical fericle 
on target, che aircraft will fly approximately a lead-pursuic 


course. 
(с) 48 — This position provides for fiting of all available. 


ТЭЭ Target altitude meter. 


interceptor so as|to keep the steering dot centered, the 


rockets (up to 48; maximum). by radar only. By flying che 


pilot will fly a lead-collision course. 


(d) 24— This position provides for firing of 24 rockets 
by radar only on a lead-collision course. 


In the snake position, no armament preparation will be 


made. However, МЇ armament circuits requiring longer 
than 15 seconds to reach operating condition shall remain 
on. By keeping the steering dot on the radar indicator at 
the center of (фей screen, the pilot will fly a lead-pursuit 


Rocker firing 5 discussed. in фе appendix of this chapter. 


Fig. 14. Armament control panel 
permits seléction of several types 
of rocket and missile attac!:s. 


course. 

The four missile Salvo positions of the armament 
selector switéh and their funcrions are as follows: 
(a) 3 RAD— This position selects one GAR-1 missile 


bay, if available, to be fired* by radar only on a lead-collision 


course. 
(b) ALL— This position selects all missiles available, to 
be fired by radar only from a lead-collision course. 

(c) 3 ОРТ- This posirion. selects one GAR-1B missile 
bay. if available, for Шіпр, and permits operation of ай 
circuits necessary for préparing and firing of GAR-1B mis- 
siles by optical sight guidance from a pure pursuit course 
and. manual stick trigger, proving radar lockon has nor 
occurred. If the radar is locked on the targer, radar guidance 
and armament preparation signals shall govern the firing 
of the GAR-1B missiles selected. 

(d) Trigger Salvo — ihis position provides for manual 
emergency firing of alll missiles when che manual stick 


trigger is depressed. Certain missile preparation functions 


are bypassed, апа missile guidance by the radar is prevented. 

If the armament master switch is on SAFE, the arma- 
ment selector switch ћазјеће following. functions, 

The positions described in the rocker TRIGGER 
SALVO and the missile TRIGGER SALVO may be selected, 
but firing circuits cannot be energized, 

Rocket release positions OPT, 48; and 24 and missile 
release positions 3 RAD, ALL, and 3 OPT perform the 
same functions as when the ARMED position is selected, 
except that no armamienc-firing circuits are energized and 
no preparation signals] ате delivered to the armament. 
Steering signals shall be delivered from che computer. 
These positions, with ché master armament switch in SAFE, 
are primarily to be uled for test and practice, and to 
command either rocket or missile léad-collision course. 
steering signals со be delivered from the computer ог to 
activate che optical sight without firing of armament. 

The functions of SNAKE remain as described pre- 
viously, except that no armament circuits are energized. 


"Missile firing is discussed in the appendix of this chapter. 
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Servoed optical sighthead. 


The availability indicator provides three indications. 
One indication appears as the word OK, another indication 
appears as the word NO, while the third indication is a 
blank. 

The OK indication will appear under the following 
conditions: | 

1, When rockets are selected (that is, when the аггпа- 
ment selector switch is in the OPT, 48, or 24 position), 
and if rockets are ón board. 


* Actually, the OK indication will appear when the armament 
selector is in the OPT, 48, or 24 position, and if the rocket inter- 
valometer is in a position to fire rockets. One way in which the 
intervalometer can be placed in position to fire rockets is by plac- 
ing the selector switch in the rocket TRIGGER SALVO position. 
Thus, if all rockets have been fired and the selector switch is placed 
in the rocket TRIGGER SALVO position and repositioned to one 
of the other rocket positions, the availability indicator will register 
OK, even though no lrockets are available. 


2. When the armament selector switch is in the 3 RAD 
missile position, and if there is ac least one GAR-1 missile 
on board. 

. When the armament selector switch is in the ALL 
жый. and there is at least опе missile, either GAR-1 or 
GAR-1B, on board. 

4. When the armament selector switch is in the 3 OPT 
missile position, and GAR-1B missiles are loaded exclusively 
in either bay or both bays. 

The availability indicator will register NO for all 
other conditions. The blank indication will appear when 
the armament selector switch is іп the SNAKE position, 
regardless of whether any armament is on board. 

The LAUNCHERS EXTENDED warning light is 
mounted adjacent to кол, switch. If, for any 
reason, a missile fails ға) leave che launcher when a firing 
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Fig. 15{а). Data-link ССІ channel selector control panel. 


signal has been delivered to that missile, che launcher is 
not retracted aucgmatically, and the light comes on to indi- 
cate thac a launcher remains extended. Thus, the light 
indicates that an: abnormal condition exists. If a decision 
is made that it isisafe to retract che launcher and close che 
armament bay doors, this may be initiated by pushing the 
push-ro-retract bucton. This will extinguish the LAUNCH- 
ERS EXTENDED light when the doors have closed. 


Servoed Optical Sighthead 


The optical ' sight head, which is mounted on the 
windshield above the radar indicator, contains a re- 
tractable combining glass which may be lowered into 
position. when désired. Two concrols are included on the 
rear of the sighthead, the one on the left being a reticle 
brightness controli and the other being a four-position target 
selector switch. When the latter control is positioned to 
correspond. to thé class of target being engaged (such as 
B-29 rype, B-52 type, etc.), a fixed range voltage and an 
interceptor-carget'overtake speed voltage will be introduced 
into the Universal Computer for rocket firing attacks, and 
the overtake speed volrage will be introduced into the "r" 
parameter computer in the missile auxiliaries for missile- 
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На. 156). Data-link subcarrier channel selector 
^ control panel. 


firing attacks. This swicch also selects a reticle pattern which 
has a size corresponding to the span of the гагреге fore- 
shortened wings at the range at which firing will cake place. 
The reticle pattern. consists of a cénter dot and two con- 
centric circles which аге projected on the combining glass. 
As this display is focused at infinity, parallax effects are 
negligible. The inner circle is used for missile-firing attacks, 
and the outer reticle is [sed for rocket-firing attacks. 

In making a tocket-firing attack using the optical 
sighthead for tracking the target, the pilot will position the 
armament selector switch to OPT, visually identify the 


target as to type, and үе the target selector switch to a 


position corresponding to this identification. This position 


of the armament selector switch will cause the antenna to 
be caken out of automatic search and to be driven so as to 
point along the radar bbresight line, and cause the reticle 
display selected to appear on the combining glass, After 
tracking the target briefly to build up angular rate voltage 
from the antenna gyros, the pilot then moves the CAGE- 
UNCAGE switch on ché flight stick to che UNCAGE posi- 
поп. The Universal Gomputer output then causes the 
antenna (and, therefore! the reticle position. which is slaved 
со the antenna) to beliprecessed го a certain lead angle. 
The pilot continues to track the target by keeping the reticle 
display on the target. реп the target's foreshortened wings 
are bracketed by the outer reticle, the pilor will normally 
depress the trigger to the first posicion to open the armament 
bay doors and extend armament, After steering out tran- 
sients, che pilot will depress the trigger to the second posi- 
tion, and the rocket-firlng signal will be delivered to the 
armament control system intervalometer to begin proper 
ripple firing of rockets. 

In making a missile-firing attack using the optical 
sighthead, the pilot willlmove the armament selector switch 
to the 3 OPT posirion.|The operation is exactly the same 
as for rocket attacks, except that the reticle display will 
remain positioned along the radar boresight line regardless 
of the position of the CÁGE-UNCAGE switch on the flight 
stick. As no lead anglé is generated, the aircraft will be 
flown on a pure pursuit course if rhe target is tracked 
properly. When the trigger is depressed to the first position 
certain missile-preparation Operations (discussed in the 
last section of che missile auxiliary subsystem chapter) will 
be initiated, at the end gf-which time tbe bay doors will be 
opened and che launchérs extended. When the trigger is 
fully depressed, the missile-fring signal will be delivered to 
the aircraft intetvalometer to initiate missile firing. | 


Data-link Control Panels 


The data-link cockpit controls, as shown in Figure 
15(а) and (b), consist|of che GCI channel-selector control 
panel and the subcarrier-channel selector control panel. The 
former panel is used tà select any one of 20 preselected 
dara-link channels. Each of these channels includes pro- 
visions for one voice chánnel and 25 data subchannels. The 
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Fig. 16. Flight mode remote 
switching control. 
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latter panel is used to select any one of these 25 subchannels. 


Flight Mode Remote Switching Control 


The flight mode remote swicching control panel, as 
shown in Figure 16, has the following four controls: a 
damper engage switch, an AFCS switch, an AILAS switch, 
and an altitude hold switch. (A data-link switch to engage 
a data-link mode 15 also being considered, bur no definite 
information is available at che time of writing.) 

The damper engage switch determines whether the 
pitch and yaw dampers аге in the control circuit. In the 
direct setting the dampers are out of the control circuit. 
In the manual setting the dampers are engaged. Automatic 
flight is possible only if che dampers are engaged and the 
MG-10 system is іп STANDBY or ON operation. The 
latter requirementi;stems from the fact that there is only 
one power supply for the MG-10 system. 

The AFCS switch engages the automatic flight control 


The F-102A has provisions for loading rockers in che 
bays? (if missiles jare not loaded) and in four of the bay 
doors. Thirty-six rockets can be loaded in each bay, and 24 
rockets can. be loaded in the doors, for a total of 96 rockets. 
'The bay rockets are loaded in pods, 12 to a pod, and each 
pod is connected to one of the six launchers in place of a 
missile. The door jrockets are mounted in tandem in three 
rows, six to a doór. When the forward rocket in а door 
tube is fired, this rocket upon leaving che tube causes a 


*E|imínation of ‘the capability of loading rockets in the bays is 
now being considered. When this is effected the armament selector 
switch on the armament control panel will be modified accordingly. 
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subsystem. There are 2 modes of automatic flight:‏ 
attack, landing approach,jand pilot assist. When the switch‏ 
is in che AFCS posicion |(1) the system will automatically‏ 
go into the attack mode jupon lockon, (2) the system will‏ 
go into the landing approach mode when the AILAS‏ 
switch is engaged, otherwise (3) the system will go into‏ 
the piloc assist mode. |‏ 

In the pilot assist mode the AFCS holds either the 
heading or bank angle and the altitude or pitch attitude 
of che aircraft. The heading is held if the wings are level 
to within 5? when the АЕСБ is engaged; the bank angle is 
held if the wings are tipped more than 5? when the AFCS 
is engaged. Whether altitude or pitch attitude is held 
depends on che setting [of the altitude hold switch. The 
altitude hold switch can|be engaged only after (һе AFCS 
is engaged. Pitch attitude and/or bank angle can be ad- 
justed while they are being held by means of the elevon 
trim contról on the flight stick. 


switch to be closed, thereby permitting the intervalometer 
firing signal which fires|the afr rocket in thar tube to Бе 
delivered to the aft rocket. The only armament combina- 
tions nor compatible with the агтатепе control system 
are missiles loaded in one bay and rockets loaded in the 
other bay, or rockets and missiles loaded. in the same bay. 
Two practical armament loadings will ordinarily be used: 
6 missiles and 24 rockets or no missiles and 96 rockers. 
If 24 rockets are loaded,|they can be fired if the armament 
selector switch is in the OPT, 48, or 24 position. The 
rocket-firing program for a full load of 96 rockets is 
shown in Table I. 
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Missile Loading and Firing 
Missile bay selection is dependent on the setting of 
the armament selector switch and the loading of rhe missile 


bays, and is mechanized in accordance with the following 


rules: " 

1. If a salvojof 6 is fired, the aft bay will be fired first. 

2. If a bay Ñas any GAR-1 (radar) missiles, it is con- 
sidered to be a “fadar” bay. Thus, if there is a mixed joad 
in both bays апі 3 ОРТ (GAR-1B) missiles are selected, 
the selection willinot be fired. 

2. Both bays cannot be fired separately by the same 


position of the selector|switch, unless che selector switch is. 
reset between. passes, even though the loading of both bays 
is the same. Thus, for example, if the selector switch wete 
placed on 3 RAD for|the first pass, and ic were desired : 
to use thé same selection for the second pass, the selector 
switch would have to be reset. 

4, Because of the possibility of GAR-1B missiles lock- 
ing on to the hot exhaust of the first group of a selected salvo 
of б, the sécond grouplof 3 will noc be fired if it contains | 
опе or more of this type of missile. Thus, if any GAR-IB 
missiles are loaded in the forward bay, and the aft bay is 
loaded and ALL missiles are selected, only the aft bay will 
be fired. 

5. If the selector switch is in the ALL position, ac least 
one bay will be fired. ПЕ both bays are loaded, both bays 
will ђе fired, except as] noted in the preceding paragraph. 

The above rules аге tabulated in Table II so as to 
show the ‘indication of the availability annunciator for 
each of the three missile: positions of the selector switch. 
An OK régistered ón|the availability indicator indicates 
that an appropriate missile sélection has been made and 
that missiles can be fired. 
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D. POWER SUPPLY SUBSYSTEM 


The all-weather interceptors presently being designed 
require a large amount of electronic equipment, This equip- 
ment generally includes many critical circuits. Consequently, 
a heavy load of closely regulated d-c power is required, This 
power must be supplied at a minimum cost in weight and 
space, for in modern aircraft these are both at a premium. 

While regulated d-c power supplies, using a conven- 
tional transformertrectifier arrangement with series-type 
electronic regulation, can meet the electrical requirements of 
modern electronic equipment, the size and weight of such 
equipment becomes prohibitive at the higher power levels. 
Further, because of the large amount of power dissipated 
by the conventional types of power supplies, weight in the 
form of cooling equipment must be added elsewhere. There- 
fore, in recent years it has become evident that a new ap- 
proach to the power supply problem is necessary—an 
approach concerned largely with securing high efficiency, 
small size, and great reliability. 

The power supply for the MG-10 aircraft and weapon 
control system (for the F-102A) is a first step in this 
direction. It consists essentially of an air-cooled motor- 
generator unit comprising a 3-phase, 400-cycle induction 
motor driving thrée d-c generators. The four components 
are mounted on one shaft. The outputs of the generators 
are regulated by three carbon-pile voltage regulators, five 
"Clampac" electronic regulators, and two series-type elec- 
tronic regulators, to provide the following voltages: +300, 
+250, +150, and — 250 volt.* 

The 28-volt d-c power is connected to each field of 
the three generators through a carbon-pile regulator. The 


*The supply also includes filters, circuit breakers, and control 
relays for the distribution of 400-cycle and 28-volt d-c power from 
the aircraft's generators to various portions of the MG-10 system. 
The 3-phase a-c power from the aircraft alternator is connected to 
а junction-box where each phase is filtered. to reduce noise. Each 
phase is divided into; several lines, each line being connected to a 
circuit breaker. The lines are then coupled to a relay box fór con- 
troiled distribution throughout the MG-10 system. Twenty-eight 
volt d-c power from the aircraft generator is connected to anothér 
junction box, filtered to reduce noise, and routed to various portions 
of the MG-10 system; by relays. Circuit breakers protect the circuits 
from ۰ 
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resistance of each regulator is controlled by the high-voltage 
output of the generator|to which the carbon pile is con- 
nected. Thus, if the terminal voltage of a generator changes, 
the current through tlie solenoid of the carbon pile will also 
change, producing a change in pressure on the carbon pile 
and thereby varying its [resistance accordingly. The resist- 
ance change in the carbon pile will vary the field current of 
the generator in such a|manner that the terminal voltage 
will tend to remain at the normal value. 

This feedback loop 8 fairly slow acting because of the 
high inductance of the|generator's field. Hence, further 
high-frequency regulation is required. This is provided by 
the Clampac regulators. p are a Hughes development, 
the name being suggested by the fact that they effectively 
clamp the output voltagé of the generators against a-c load 
and line changes. The Clampac may be described as a com- 
bination of both series and shunt-type electronic regulators. 
The shunt tube conduct$ when the output voltage of the 
generator tends to increase, thereby bringing the voltage to 
normal. The series tube conducts when the output voltage 
of the generator tends to decrease, RC networks prevent 
these tubes from responding to slow variations. The 
Clampacs provide regulation against such high-frequency 
effects as commutator ripple in the generator outputs and 
transients caused by varying loads of the MG-10 system. 

Since requirements for +150-volt d-c power are rela- 
tively small, this voltage is provided in the conventional 
manner by coupling the! output of the +250-volt supply 
through a series regulator. 

Protection of the MG-10 system against overvoltage 
and loss of bias is provided by overvoltage relays and inter- 
lock relays. If the output voltage of one of the generators 
should suddenly rise to а| dangerous value as a result of the 
carbon-pile voltage regulator losing control because of an 
open circuit occurring in the sensing loop, for instance, a 
relay would be energized which would disconnect the 28- 
volt d-c power from the field of the generator supplying 
the voltage. If bias should be lost on the MG-10 system 
through a failure of the | 250-volt line, the output voltage 


MG-10 Power supply. 
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of all the 250-voltiand 300-volt перо would be cut off MG-10 POWER SUPPLY CHARACTERISTICS 


volt output should bé Interrupted: эр {50% volt aul INPUTS 200 vol 400 cps, 3%, ас 
would be cut off} The overvoltage relays should only be 28 volts, dc 

reset on the ground after correction of the condition causing 

the overvoltage tol occur. The other protective relays will OUTPUTS 4-300. volts, 1 ampere, dc 
reset automatically: when conditions return to normal. +250 volts, 3 3 amperes, dc 
— 250: volts, 1 ampere, dc 
+150 хо, 1 ampere, dc 


The MG-10 power supply is a significant step forward 
in. airborne power} supplies. It is estimated that as a result 
of the somewhat hovel design employed in this supply, ГЭР | 2 TM 
saving of fifty percent of the weight and a substantial in- WEIGHT 10015 (approximatel;; Including 
crease in reliability have been achieved over a comparable | | | regulation 
power supply of conventional design. SIZE 2 cu ft approximately) equipment 


Fig. 1. Simplified block diagram of power supply subsystems. 
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E. AN/ARR-44 DATA-LINK SUBSYSTEM 


Ground-controlled interception is añ important part 
of the modern air defense system. Through GCI facilities 
an interceptor can be guided from its Базе to a point where 
a successful attack can be made and once the attack is com- 
pleted the interceptor may be guided to the landing base. 
This information may be relayed by voice or by some 
automatic means, Voice transmission has the disadvantage 
of being unreliable; particularly under jamming, and when 
a large number of'aircraft are being directed, it is sub- 
jéct to saturation. Automatic transmission of GCI informa- 
tion by some means such as data link has none of these 
disadvantages. 

Data-link information is transmitted in binary digital 
form by ground equipment, received and. processed by air- 
borne equipment in the interceptor, and presented to the 
pilot on the radatscope and a meter mounted on the 
instrument panel. | 

Eight items of information are presented over the 
MG-10 data link: phase," time-to-go to a moving offset 
point? command heading," attack heading,* target bearing, 
target range, target altitude, and speed control information. 
Command. heading is used only before the offset point is 
reached and attack lheading is stored during this time and 
used after the offset point is reached. Speed control infor- 
mation is not displayed. Target bearing, command heading, 
and attack heading information are most useful when re- 
lated to interceptor! heading. Thus, in the MG-10 system, 
interceptor beadinglis subtracted from these quantities and 
the resultant information is presented ro the pilot. After 
subtraction, target bearing becomes relative target bearing, 
command heading jbecomes command heading error, and 
attack heading becomes attack heading error. 

The informatión presented to the pilot, then, is: time- 
to-go to offset point,;command heading error, attack heading 
error, relative target bearing, target range, and target alti- 
tude. In order that the pilot be required to remember only 
one set of symbols, the symbols used for the attack display 
are used to present’ the data-link information. The range 
circle is used to présent time-to-go information. The steer- 
ing dot is used to present heading error information; the 
dot being deflected only along the horizontal diameter of 
the scope. The reference circle is used. to present relative 


| + 

‘Phase is the degree of closeness of ground control of flight 
operations. Dara-link transmissions are divided into four phases: 
(1) noncontrol, (2) modified close control, (3) close control, and 
(4) direct control. It was felt that che information transmitted in 
phase 3, close control, would be most useful for the MG-10 system. 

“Тһе offset point jis a point which is located ас some distance 
from the target berween the interceptor and the target and which 
moves with the target. It is the point at which che interceptor 
begins to get on a lead-collision course with the target. 

*Command heading is a heading which places the interceptor 
on a collision course with the offset point. 

*Actack heading is a heading which places the interceptor on a 
lead-collision course with the target. 


target bearing and target range; the circle being positioned 
laterally to indicate targecjbearing and vertically ro indicate 
target range. The normall artificial horizon indication re- 
mains as such. The data-link display is shown in Figures 5 
and 6 in the cockpit subsystem chapter. Target altitude 
information is presented on a meter located on the instru- 
ment panel in the cockpit. i 

Data-link equipment|required to convert this informa- 
tion into a form suitable for display consists of an antenna, 
receiver, digital converter! analog converter, target alticude 
meter, and two cockpit control panels. 


Data-link Message Standards, Organization, Structure 


A data-link message cycle (See Figure 1) consists of 
eleven messages: one phase message and cen function mes- 
sages. A message consists) of sixteen binary digits (05 or 
1's), each digit being transmitted for ten milliseconds with 
no interval between digits. There is a forty-millisecond in- 
terval berweén messages. А complete message cycle, there- 
fore, requires 2.2 seconds. 

The structure of the phase message is shown in Figure 
2. Digits 1 through 4 indicate the address of the message. 
These four digits permit Sixteen different combinations of 
O's and 15 from 0000 2 1111, inclusive. As will be ex- 
plained in later sections this permits the control of sixteen 
different interceptors tuned to the same UHF channel and 
audio (Le. data) subchannel. The dara-link circuitry in each. 
interceptor, then, can be lser up so that ic will respond to 
only one combination 06 binary digits, that combination 
of digits signifying the interceptor to which the message 
is addressed. 

The next group of four digits is called che label. The 
first three digits are used ко indicate that the message is a 
phase message. The fourth) digit is used for a parity or error 
check, that is, its value (D or 1), will be chosen so as to 
establish a parity or еди у in the evenness or oddness 
of the number of 15 among all of the labels of a message 
cycle. Data-link message standards require that the number 
of 15 in the label Бе oddliand che data-link circuitry is set 
up so as to determine this. If there are an even number of 
Гв in the four digits of the label, the message will be in 
error and che circuitry will reject it. The first three digits 
of the label for che phase Inessage are 000. As ай odd num- 
ber of l's are required for che label, the parity digit is a 
binary 1. If one error occurs (that is, a 1 is received in place 
of a 0 or a 0 is received in|place of a 1), there will be either 
all 05 or two l's in che label and in either case the message 
will be rejected. If two errors occur, a 0 can be received in 
place of a 1 and a 1 can Be received in place of a 0 or two 
15 can be received іп place of two O's. In chis case the 
data link would accept the error. Thus, the circuitry would 
"think" that it was receiving a function message (with the 
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exception. of target bearing) instead of a phase message. 
The probability of! two errors occurring is much less than 
the probability of one error occurring: and if more than. one 
error occurred it would be likely that it was due to con- 
tinuous jamming: Errors due to continuous jamming would 
be rejected by thé message-link sensing capability co be 
described later. ' 

The next group of phase message digits is five in num- 
ber. These digirs ate used for transmission of discrete mes- 
sages. When.a 1 is registered in digit position 9 it will cause 
a relay со be closed; for ten milliseconds. When а 1 registers 
in digit positions 10 through 13 ic will cause the respective 
relays to remain closed for a message cycle (2.2 seconds). 
If, on the next message a 0 is registered in any of these 
positions, che respective relay will be opened. Thus, digit 9 
is called a momentary contact position and the remaining. 


digits are called lockdown digits. At the present, no use is 
planned for digits 9 and 11 and, therefore, a 0 will be trans- 
mitted in these positions, Digit 10 is used for altitude scale 
change, a ۵ in. this position signifying 0 to 127,500 feer, a. 
1 signifying 0 to 12,750] feer. Ic is not planned ro use the 
О to 12,750 ft altitude scale for the target altitudé meter 
in the cockpit. Digit 12 is called the selective call lock- 
down. When a 1 is registered in this position it causes 
the data-link voice channel to be coupled into the head- 
phone circuirs and the [command receiver ourput to be 
switched our. When a llregisters in digit 13 it can cause 
the radar to be switched to beacon operation. Те is not 
planned co use this capability in MG-10. 

The last group of three digits of the phase message is 
called the phase word. The first two digits are used to indi- 
cate which phase is being transmitted. The third digir is a 
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Fig. 1. Typical data-link message cycle. Black blocks indicate a binary 1, white blocks indicate a binary o. 
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Fig. 2. Structure гоё E 
the phase message. "i 


parity check діріс; Data-link message standards require that 
there be either по 15 or an even number of 15 in the phase 
word. The first two digits of the phase word for the close 
control phase аге: 00. The parity check digic for chis phase, 
then, is a binary 0. 

The function: message (See Figure 3) consists of three 
groups of digits: ‘the address, the label, and the word. The 
address of a function message for any one interceptor is the 
same as that of che phase message. The labels of the various 
function messages may be ascertained by referring ro Fig- 
ure 1. In accordance with the message standards the labels 
of the function messages have an odd number of binary 15. 
Digits 9 through} 16 comprise the word of the function 
message. The word of the message establishes the value of 


the function transmitted. For close control operation, as 


planned for MG-10, the minimum value of each function 
(altitude, range, étc.) transmitted is zero (which is a series 
of 0’s), and the maximum value transmitted is some positive 
number. Although all values. are incegers, they are divided 
by a scale factor before transmission so that they can be 
converted to binaty fractions, As a result, digit 9 is the least 
significant digit of the number. Time-to-go is transmitted 
as a 7-digit word, the eighth digir (digit 16) being used 
for a scale factor: ‘change. Thus, in chis case, a 1 in position 
16 signifies a scale of 0-4064 seconds and a 0 signifies 
0-127 seconds. Only the 0-127 second time scale will be 
presented. 

In transmitting the function messages in a message 
cycle no standards have been established as to the sequence 
of functions. THe transmission will depend upon the re- 
quirements of che individual flight. Hf, for instance, сагрег 
altitude 18 changing rapidly, it might be advisable to trans- 
mic this information continually for one or more message 
cycles, or the altitude might be transmitted every other 
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message during one orjmore message cycles. 


Data-link Receiver 


Data-link transmissions are assigned co the UHF band. 
As the center frequencies of the channels of this band are 
0.1 megacycle apart, 1/50 channels are available in che 
band. The data-link receiver (See Figure 4) is tunable 
throughout the entire band. 

The ground station| amplitude modulates the r-f carrier 
in a prescribed manner [to furnish the required intelligence. 
This modulation covers}a 20-kc bandwidth. Each data-link 
channel, therefore, occupies a 40-kc band. The modulation 
is such chat one voicel channel and 25 subchannels can 
occupy each channel. The voice modulation covers a fre- 
quency range from 300 cps to 6000 cps. The frequency 
range from 7.75 Кс to|20 kc is occupied by the 25 sub- 
channels, any or all of [which may be used at one time in 
conjunction with the voice channel The center frequency 
of each subchannel is Separated from that of the adjacent 
subchannel by 0.5 kc. [Thus the center frequency of sub- 
channel A is 7.75 kc; the center frequency of subchannel B 
is 825 kc, and so on to 19.75 kc. In order to transmit the 
binary digital code, which consists of “O's” and “15”, each 
subcarrier is varied in time sequence by 0.05 kc. There- 
fore, in order to transmit a binary O in subchannel А, the 
UHF carrier is amplitude-modulated by a 7.70-kc signal. 
A binary 1 is transmitted in subchannel A by amplitude 
modulating све ОНЕ .саггіег with a 7.80-Кс signal. 

By means of the Дора selector, which is parc of the 
cockpit equipment, the receiver can be preset so as to receive 
any 20 of the UHF channels available for data-link trans- 
mission. Any one of Ме 20 channels can then be selected 
by means of the contról knob on this panel. The data-link 
receiver is similar in [many respects to a standard ОНЕ 
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communications receiver, the main difference being chat 


it must have a wider bandwidth to accommodare the іп- 
creased modulation frequency spectrum, The audio output 
is divided into а vaice channel ап. a дата channel by means 
of filters. Both of these outputs, аге coupled to the digital 
converter. 


Data-link Digital: Converter 


| 
The digital converter performs three functions: 

1. Selects one of ithe 25 available subchannels, depending 
on the setting lof the subcarrier channel selector in the 
cockpit. í 

2. Converts the data audio signals of the selected sub- 
channel into the corresponding binary digital code. 

3. Provides means ro select either the voice signal from the 
data-link voiceichannel ог the command receiver іп re- 
sponse to commands from the data-link ground station. 

Three types of signals are coupled to the input of 
the digital convertér: the 25 subcarrier frequencies from the 
receiver data channel, the data-link voice channel, and the 
output of the command communications receiver, The latter 
two signals are coupled to a switching network, the ouput 
of which is connected to the headphone circuits. The out- 
put of the data channel is coupled to a mixer which beats 
the incoming datatchannel frequencies with the output of 

a local oscillator tó produce a sum and difference frequency. 


The i-f amplifier is tuned to the difference frequency. As 
the local oscillator frequency, which is selected by means 


of the subchannel selector knob located on the control panel 
in the cockpit, is 7 kc above thé center frequency of the 
selected subchannel, the frequency to which the i-f ampli- 


fer is tuned is 7 ké A binary 0 will then appear as а 7.05-kc 


signa] at the input го this i-f amplifier and a binary 1 will 
appear as a 6.95-kc signal. The output of the i-f amplifier 
is then coupled cova discriminator through appropriate cir- 
сийгу. The output of the discriminator will be a positive 
voltage for che 7.05-kc input and a negative voltage for the 
6.95-kc inpuc Thus a binary 0 is equivalent to a positive 
voltage and a binary 1 is equivalent to a negative voltage. 
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Аз rhe period of modulation is approximately ten milli- 
seconds and one modulation follows directly on the pre- 
ceding, the output of the discriminator will be a series of 
semisquare waves, each having a duration of approximately 
ten milliseconds and having a polarity dependent on the 
modulation frequency. 

The first digit of a|imessage is transmitted first and 15 
placed in the sixteenth |position of a shift register. Shift 
pulses from a timing generator are also applied to the regis- 
ter in a delayed time sequence with the incoming signal. 
Thus as che second signal arrives, the shift pulse causes the 
first digit to be shifted from the sixteenth stage to the 
fifteenth stage of the register. This continues until all 16 
digits of a message ate in the register, at which time the 
first digit will be in ché first stage and the remaining digits 
in their proper stages. When the message is in the register 
a series of checks are made. 

The first of these checks is to determine if the message 
is 160 milliseconds long! If the message is 160 milliseconds 


long an address check yi be made. If the address is that 


for which the circuits were set, digits 5 to 16 inclusive will 
be coupled into intermediate storage relays. A parity check 
is then made on the label and if the parity is correct the 
information content of Р label is examined. If the label 
indicates that the message is a phase message a parity check 
is made on digits 14, 15, and 16. If che phase parity is 
correct the discrete messages (digits 9 through 12 inclu- 
sive) are permitted to operate the necéssary Circuitry. Н 
the label indicates that е message is a function message, 
a signal will be generated to indicate to the analog con- 
verter that the label and the number is available for read-out. 
This information will be available in the intermediate 
storage relays for approximately 150 milliseconds. 

In addition to these checks, a signal-to-noise ratio check 
is made during the forty milliseconds that the ground sta- 
цог is transmitting an ufimodulated signal. If che noise ratio 
exceeds a certain amount, circuitry will operate to indicate 
to the pilot «һаг the information presented to him may be 
unreliable. 
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Data-link Analog: Converter 


Аз the name implies, the primary function of the 
analog converter is!'to transform the digital information 
received from che digital converter into analog voltages of 
thé proper scale factors for use by units of the cockpit sub- 
system. In addition ito this basic function it also subtracts 
aircraft heading from heading to fly and target ђеаг- 
ing to produce, respectively, heading error and relative 
target bearing, it accepts or rejects information from the 
digital converter depending on the presence or absence of 
a signal from this unit and stores this information in the 
proper channel. Although the exact method of accomplish- 
ing thesé functions is not yet fully escablished, rhe outline 
discussed below will; in general, be followed. 

The label and word information of the function mes- 
sage from the digital converter is coupled to an acceptance 
gate in the analog converter. If the information is accept- 
able; that is, if a signal from the digital converter is present 
which indicates that the parity and address checks аге cor- 
rect, the information will be coupled to a selector switch. 
This switch is controlled by che label of the function mes- 
sage in such a manner that the word (or value) of the 
message is coupled into the proper storage unit, As the out- 
put of che digital converter is parallel, the eight digits of 
the word are set into the eight stages of the storage unit 
simultaneously. A voltage which is analogous to the numer- 
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ical value of the word is|available at the output of each 
storage unit. 

The time-to-go output is used to drive a clock servo. 
The servo is initially positioned by the analog voltage and 
the clock "runs down” atla predetermined rate until new 
information is available. The new information is compared 
with the clock position and if errors are present the clock 
is réset го che new indicated position. This servo then pre- 
sents a continuously varying time-to-go voltage except dur- 
ing the reset period. 

The heading-to-fly and rarger bearing informacion are 
converted to analog voltages whose amplitudes are constant 
and whose phases are equi alent to the values of the digital 
numbers. The output of the interceptor’s compass is also 
available as a conscant amplitude varying phase voltage. The 
two data-link voltages are each coupled to a circuit where 
their phase is compared with that of the compass voltage 
to obtain a resultant voltage whose amplitude is propor- 
tioned to the difference between the two input voltages. 
In this manner, these two items of data-link information 
are converted ro heading error and relative target bearing. 

The target range and altitude information are con- 
verted to analog voltages whose amplitudes are equivalent 
to the values of the digital! numbers. 

These voltages are then coupled to units of the radar 
equipment for presentation in the cockpit subsystem. 
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three modes of opération: attack, pilot assist, and landing 
approach, In the attack mode, the AFCS steers the inter- 
ceptor precisely along the attack course for firing the 
interceptor’s missilés, or rockets, in response to steering 
signals provided by the radar and computing subsystem. 
The attack mode jis operative only during radar lead- 
collision attacks. In} the pilot assist mode, the AFCS pro- 
vidés conventional!, autopilot functions such as heading 
hold, altitude hold, ‘and attitude hold, thereby relieving the 
pilot of routine steering tasks. In the landing approach 
mode, the AFCS stéers the interceptor automatically during 
the landing aproach up to the point of flare-ouc (about 
50 feet above the funway); flare-out and touchdown аге 
accomplished manually by che pilot. 

The AFCS, in ‘conjunction with the aircraft damping 
system, maintains coordinated and stable flight during 
automatic operation. The damping system of the Е-102А, 
which provides fot pitch damping, yaw damping, and 
turn coordination, Operates with the identical parameters 
in both manually! and, automatically controlled flight. 
Transition from manual to automatic steering (or vice 
versa) is accomplished in a smooth and safe manner. 
Electronic limiting of aircraft acceleration is provided so 
that, in maneuvers governed by che .AFCS, rhe stall limit 
of the aircraft. will not be exceeded and the pilor will not 
be subject to an uricomfortable number of “g's” (The lift 
acceleration is limited to the stall limit of four “g's,” de- 
pending on which, is smaller.) Mechanical limiting of 
acceleration is provided by the airframe manufacturer so 
that;the structural limit of che aircraft will not be exceeded. 
In response to*command signals from. the AFCS to- 
gether with pitch-fate, roll-rate, yaw-rate, and effective 
elevon-position signals, the control surfaces of the aircraft 
are deflected, through hydraulically operated actuators, to. 
steer the interceptor on the correct course. In the auto- 
matic’ modes of operation the control surface positions ате 
followed ar all times by the control stick; che pilot can 
disengage che AFCS whenever he chooses by means of a 
pressure switch on the stick. 
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Fig. 1. Relation between angle-to-turn-through and re- 
quired normal acceleration. 
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F. THE AUTOMATIC FLIGHT CONTROL 
SUBSYSTEM 


The AFCS has been designed in an integrated manner 
in order to share comm h equipment among the various 
modes of operation апа td share components of the aircraft 
and of the rest of ché MG-10 system, ‘wherever feasible. 
Excluding mounting rácks, connecting plugs, and cables, 
the сова! weight of the АҒС5 equipment is approximately 
65 pounds, and che total volume is abour 1.1 cubic feer. 


Operational Description 


The three modes? of operation of the AFCS are de- 
scribed in greater detail below. 


Attack Mode 


Тһе AFCS provides automatic steering of the Е-102А 
Over its entire tactical range during the two major types 
of radar attacks permitted by the MG-10 system: Јеад- 
collision (rockets) and lead-collision (missiles). The at- 
tack гий begins after armament is selected, radar lockon is 
achieved and the radar starts tracking thë target. The air- 
craft is then controlled. automatically according to steering 
signals received from the|radar and computing subsyscem. 
Automatic steering continues until the armament is fired, 
unles the pilot (or a collision warning signal) disengages 
the AFCS. Loss of radar lockón will return the AFCS to 
a pilot assist mode. 

During the attack run! the MG-10 radar and computing 
subsystem continuously Measures quantities representing 
target position and velocity relative to the interceptor. 
From this information, together with armamient-ballistics 
and aerodynamic data, it calculates the azimuth and eleva- 
tion angles through which еве interceptor should be turned 
to get on a lead-collision: course with respect to che target. 
The azimuth signal specifies the angle-tó-turn-chrough in 
che plane of the interceprog’s wings, and the elevation signal 
specifies the angle-to-turnithrough normal to the plane of 
the wings. This information i$ presented to the pilot on the 
radarscope by che displacement of a steering dot from the 
centet of the scope. The AFCS receives equivalent signals 
as its inputs. 

The task of che AFCS is to translate che azimuth and 
elevation steering signals frorn che Universal Computer into 
requests for aileron (asymetric elevon-deflection) and eleva- 
tor (symetric elevon-deflection) motion which will provide 
the desired accelerations. According to these request signals 
(together with pitch-rare,|roll-rate, yaw-rate, and effective 
aileron-position signals) the aircraft control surfaces (ele- 
vons and rudder) are deflected to cause che airplane to turn 
toward a correct lead-collision course. at a rate propor- 


1Although part of the AECS equipment operates during man- 
ual flight, only the AFCS active control modes are described. 
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tional to the off-cdurse error. (See Figure 1.) Thus, tbe in- 
terceptor turns rapidly coward che computed lead-collision 
course when there; is considerable error and, as the error is 
reduced, smoothly'reduces its turning so as to fair into the 
course. Maneuvers:of the target cause the radar to mieasure 
new quantities, thé computer to calcülate new steering sig- 
nals, the AFCS го develop new acceleration error signals, 
and the control stirfaces to move in response to the new 
signals. 


Pilot Assist Mode 


The AFCS provides a pilot assist mode to relieve. the 
pilot of routine stéering tasks, over the aircraft's entire oper- 
ational range, by maintaining the aircraft in che attitude in 
which the pilot has been flying ic. In che pilor assist mode, 
the AFCS accepts уегиса!-дуго and/or directional-gyro 
and/or ambienc-ptessure signals as primary inputs and pro- 
duces error signals) which cause the aircraft's control surfaces 
го be moved so asito maintain the aircraft's 

(1) pitch and bank attitude, 
(2) pitch attitude and heading, 
(3) altitude and bank attitude, or 
(4) altitude and heading 
as they were when che pilot assist mode was engaged. 

Which of these combinations is maintained, is deter- 
mined as follows: The pilor decides whether to have the 
AFCS hold the aircraft's altitude or its pitch attitude, and 
positions a toggle ‘switch on the AFCS control panel accord- 
ingly. Whether the heading or the bank attitude of the 
aircraft is maincained, is determinéd automatically by the 
AFCS. If che aircraft wings are within five degrees of level, 
the AFCS will maintain the heading flown when the AFCS 
was engaged. If the aircraft's bank angle is more than five 
degrees, the AFCS will maintain the bank attitude present 
when the AFCS was engaged. 

When the aircraft heading is being maintained by che 
AFCS, che pilot can introduce changes in the heading refer- 
ence to be maintained. A cockpit contro! permits the pilot 
го accomplish thig wichour disengaging the AFCS. 

When pitch ‘and/or bank attitude is being maintained 
by the AFCS, «ће pilot can cause the aircraft го assume a 
new attitude, without disengaging the AFCS, by actuating 
a control on the flight stick. This causes the aircraft to turn 
in the direction the control is pushed. Upon release of chis 
control, the new attitude will be retained. The same control 
may be used as а force trim on the flight stick when che 
AFCS is disengaged. 


Landing A pproach Mode 


The AFCS provides a landing approach mode to steer 


che aircraft autonjatically along che instrument landing sys- 


tem (ILS)? localizer /glide-slope flight path, down to an 
altitude of approximately 50 feet above the runway. The 
landing approach: mode is operative ac altitudes below ap- 
proximately 2000 feet above the landing strip and in the 
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speed region from 180 knots to srall. Bank angle limiting 
is provided throughout the approach. The bank limit auto- 
matically decreases after [the glide-slape beam is entered. 

Аа AILS landing isj made in four phases. (See Figure 
2.) The operations performed in each phase are described 
below. 

Phase 1, In this phase, the aircraft enters che localizer 
beam. The pilot first prepares for normal ILS operation, 
manually steers the aircraft into che localizer encrance área? 
while descending to thefappropriate ground clearance alti- 
rude for glide-slope beam inrerception (approximately 1500 
feet), sets che runway heading into the system and, when 
localizer signals are received, switches che AFCS ro the land- 
ing approach. mode. Ac this cime, Phase II begins. 

Phase 11. In this phase, che aircraft is automatically 
steered to the center of che landing strip localizer beam 
while che AFCS automatically holds the aircraft altitude at 
the altitude the aircraft was in when the landing approach 
mode was engaged, ши ће glide-slope beam is intercepted. 
The localizer course deviation (determined from the local- 
izer beam signal) and the heading error signal (difference 
between the compass héading and the runway heading set 
into che system by the pilor) combine to give a horizontal 
steering signal which sellers out lateral errors rapidly, with- 
out excessive overshooc] Phase П lasts until the glide-slope 
beam is intercepted.“ 

Phase Ш. During (this phase, the aircraft is automati- 
cally guided down the glide path. When glide-slope signals 
are received, the AFCS jis aucomatically switched to utilize 
glide-slope course deviation signals for vertical steering, in 
place of pressure altitude signals which served to maintain 
altitude. The AFCS steers che aircraft along the center of 
the localizer beam andj down the glide-slope beam to an 
alticade of approximately 50 feet above the runway. 

Phase IV. In dis Phase, flare-our and touchdown аге 
accomplished manually by the pilot. 


Simplified Functional; Description 


The functional block diagrams for the chree modes of 
AFCS operation will now be presented. 


Attack Mode 


The principal functional elements of the AFCS in the 
attack mode are illustrated in che simplified block diagram. 
(See Figure 3.) The sdlid-line boxes represent AFCS ele- 
ments; the broken-line] boxes represent other units with 
which the AFCS functions. 


For the reader who i$ unfamiliar with ILS, a brief description 
is provided at the end of the chapter. 


"Localizer entrance: can be made from. within a circle of four 
miles radius, centered fifteen miles from the approach end of the 
runway, along the extended runway centerline, without exceeding 
bank angle limitations. 


ЗАп interlock is provided ro avoid Phase HI unless Phase II 
has been accomplished. 
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As shown in. Figure 1, che azimuth ‘and elevation 


steering signals, which the AFCS receives.from the MG-10 


таЧаг апа computing subsystem, essentially call for lateral 


and normal accélerations: (in che plane öf the Interceptor' 5 


wings, and normal Ito che wings, respectively). The steering 
signals are proportional to. the required accelerations. The 
basic operation ОР: che AFCS is to combine che steering 
signals with signals} proportional to the measured lateral and 
normal accelerations” and turning rates of the aircraft in 


such a way as to produce elevon-deflection command signals 
that will turn the a ircraft coward che computed lead-collision 
course, rapidly and stably. The elevons are moved in rē- 
sponse co chese signals by hydraulically operated actuators. 
(See Figure 4.) — 

Following агевоте of the items which give the system 
rapid, accurate, and, stable response during the arcack modë; 
(1) In the lateral; channel а гоЦ-гасе signal is subcracted 
from the laceral aéceleration. error signal. This makes for 
à faster acting, möte stable servo loop than would be pos- 


sible were the roll-rate signal omitted. 


(2) The azimuth şreering angle signal from che Universal 
Computer is Нокеф in order ro limit che aircraft's bank 
| 
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PHASE 1, ENTERING THE AIRCRAFT INTO THE LANDING BEAM. 
PHASE 2. CENTERING THE AIRCRAFT IN THE LANDING STRIP 


LOCALIZER ۰ 
PHASE 3. GUIDING THE AIRCRAFT DOWN THE GLIDE PATH. 


PHASE 4. GUIDING! THE AIRCRAFT OFF THE, GLIDE PATH ۵ 
THE LANDING FLARE ANO LANDING THE AIRCRAFT. 
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Fig. 2. The four phases of an ILS landing.. 
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angle.and therefore its, maximum: turning rate: (3) А shap- 
ing network at the output of che longitudinal channel. is 
used to obtain the desired stability characteristics. (4) In 
each channel an integrating circuit i$ connected between the 
inpur and output to córiécr for trim changes during attack 
and to overcome small bils errors which may exist in AFCS 
or dampet circuitry. (5) At the inputs го both channels 
"füde-in" circuits make entry into che attack mode smoother 
by attenuating che steering signals from. the Universal Com- 
purer until the computer|transients have died out. 
Automatic limiting|of lifr acceleration. command is 
provided so thar maneuvers governéd by the AFCS cannot 
exceed either che structural limit of the airframe or che stall 
limit, taking into account се interceptor's speed and pres- 
sure altitude, When the required lift acceleration. exceeds 
the maximum allowable lift accelération for the particular 
Hight conditions, the 23 ассеёгандй command: is limited 


ro rhe maximum value allowed. for these conditions. This 


‘For the reader who is unfamiliar with che kinematics of flight, 
the measurement of the acceleration of an aircraft 45 discussed ас the 
end of chis. chapter. 


NOTE Ii 


THE AIRCRAFT ENTERS THE LOCALIZER BEAN. 
FLYING LEVEL |AT ABOUT i500 FEET AND IS 
FIRST CENTERED ON. THE LOCALIZER BEAM. 
WHEN THE AIRCRAFT INTERCEPTS THE GLIDE 
PATH BEAM IT|IS THEN CENTERED ON: THE 
GLIDE PATH NULL PLANE AND: FLOWN DOWN л 


THIS BEAM. | | ` f ч 
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Fig. 4. Simplified block diagram of the aircraft damping system. 
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is accomplished as follows: A maximum allowable normal 
acceleration signal iis obtained ffom the radar and. comput- 
ing subsystem. This signal is derived from the dynamic 
ait pressure, which} depends on both interceptor speed and 
pressure altitude. Whenever the life acceleration called 
for exceeds the maximum positive or negative value 
allowed, a coincidence circuit energizes a relay which 
switches the input$, as shown. in Figure 3, from the nor- 
mal-acceleration-required signal co che maximum-allowable- 
acceleration signal. | 


Pilot Asszit Mode 


The principal functional elements of the AFCS in те 
pilor assist mode afe illustrated in the simplified block dia- 
gram. (See Figure 5.) The solid-line boxes represent APCS 
elements; the broken-line boxes represent other units with 
which the AFCS functions. Reference to the diagram shows 
that either pitch or altitude (longitudinal channel)" and 
either heading or bank attitude (roll channel) can be 


mainrained. 

When the AFCS is|in rhe pilot assist mode, attitude 
and/or altitude and/or heading errors are used by che AFCS 
to produce che aircraft control commands so ag го reduce 
the error signal to zero. ۳۳ in the attáck mode, autoriatic 
limiting of normal accelefacion is provided. (For simplicity, 
the auromatic-limiting circuitry, which is shown in che at- 
cack mode block diagram, is omitted from the pilot assist 
mode block diagram.) 

When the pilot choyses to maintain altitude by select- 
ing the alticude hold position of che switch, che barometric 
аісісиае control unit is engaged. This unit produces a voltage 
proportional to changes ih static pressure from the ргема!- 
ing static pressure when the unic was engaged. The voltage 


is used as an altitude error signal. Proper damping is ob- 


"This nomenclature 1s chosen since, in addition to controlling 
the acceleration normal to the plane of che wings, this channel con- 
trols che aircraft's longitudinal acceleration. 


Fig. 5. Functional block diagram of AFCS pilot assist mode. 
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tained by combining this signal with a rate-of-change-of- 
altitude signal and a signal proportional to the aircraft’s 
vertical acceleration.’ ( As shown in Figure 13, che measured 
lift acceleration must be equal to g sec ф when the aircraft 
is not accelerating] in a direction perpendicular to the hori- 
zon.) An integrator is used to eliminate srandoff-altitude 
error. 

Pitch hold is'accomplished by using as an error signal 
the sine of che difference between the aircraft's pitch arti- 
tude and the pitch attitude prevailing when the AFCS was 
engaged. As. in altitude hold, a signal proportional to the 
vertical acceleration i is used for damping." The manipulation 
af che control stick trim switch permits the pilot ro alter 
the picch attitude while i in pitch hold, without disengaging 


“Тһе rate of change of altitude signal is used for long period 
damping while the vertical acceleration signal is used for short 
period damping. 

“When a pitch. -angle, 0, exists, the acceleration perpendicular 
to the horizon is L +- B sec sec 8. However, for che small pitch 
angles. involved, зес!ф is essentially unity. 
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the AFCS. Upon release of chis switch, the attitude chus 
established will be maintained. 

Heading hold is accomplished by using as an error 
signal che sine of the difference becween the present read- 
ing of che flux-gate compass and che compass reading when 
the AFCS was engaged] Signals proportional to the bank 
angle and а roll-rate sighal provide damping. A flight stick 
control permics alterations of che heading while in heading 
hold. Heading error input signals are limited in such a 
fashion as to limit the resulting bank angles со 2530 degrees 
to produce репе turns. 

Bank attitude hold is accomplished by using as an error 
signal, che sine of the difference becween the present bank 
асениде and che bank attitude when che AFCS was engaged. 
A signal proportional tojthe race of change of bank attitude- 
roll race — is used for damping. Manipulation of the con- 
trol stick trim switch permits the pilot co adjust the bank 
actitude while in bank Гасгігиде hold, without disengaging 
the AFCS. 
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Fig. 6. Simplified functional block diagram of AFCS landing approach made. 
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1 Landing Approach Mode 


The principal functional elements of the AFCS in the 
landing approach’ mode are illustrated in the simplified 
block diagram. (See Figure 6.) The solid-line boxes repre- 
sent AFCS elements; che broken-line boxes represent other 
| units with which "ће AFCS functions. (Although not in- 

dicated in this diagram, g-limiting is incorporated іп the 
system as shown in che functional block diagram of che 
attack mode.) 

Switches are shown in position 1, the position they are 
in prior to glide-slope beam interception. As the glide-slope 
beam null is approached, the switches are aucomatically set 
to position IL — — 

| Essentially, the AFCS in the landing approach mode 
converts the lateral and vertical angle-off-course signals 
(from the localizér and glide-slope receivers, respectively) 
into asymmetric and symmetric elevon-deflection command 
signals which cause the aircraft control surface со move so 
as го keep che airplane on the correct landing approach 
course.” 
| 
Prior to Interception ој Glide-Slope Beam Null — Prior to 
the cime chat the áircraft starts down che glide-slope beam, 
the AFCS maintains the aircrafr altitude (as described for 
the altitude-hold position of the pilot assist mode). Аг the 
same time, lateral errors with respect to the extended center 
line of the runway! are eliminated in che following manner: 

The primary) horizontal position error input to the 
lateral channel of ithe AFCS is the output of the localizer 
гесегуег. The мас signal is proportional го В (the lat- 
eral angle-off- -course from the extended center line of the. 
runway) in the linear portion of the localizer beam (|8| 
less than 2.5 degrees) and roughly constant in the saturated 
region of the Беат (at signal level for 8 = 2.5 degrees). 
In order to avoid ‘ambiguous signals from the fluccuations 
of the signal srrengrh in the saturated portion of сле local- 
izer beam, the signal from the localizer receiver 15 limjved. 
to thac value دم‎ by a 2.5 degree error. 

From the limiter, the lateral angle-off-course signal is 
sent to a variable вап circuit. (Prior со glide-slope opera- 
tion, the gain of chis circuit is constant.) 

Ac the outputiof (Ве variable gain circuit, a subtracting 
network then combines the lateral angle-off-course signal 
with a heading error signal, sin фе. As shown in Figure 7, 
the heading error'signal (which is rhe sine of the angle 
between the present heading of the aircraft and thé runway 
heading set by the piloc into the course indicator) is propor- 
tional со che rate of change of the lateral discance-off-course; 
this signal provides damping and directional stability to the 
AFCS, The otitpuc‘of che subtracting network is limited to 


3Prior to. interception of glide slope, the AFCS maintains the 
aircraft at a constant’ altitude in response to altitude error signals 
which ic receives in place of vertical angle-off-course signals. 


CONFIDENTIAL 


CONFIDENTIAL 


же тес ت‎ ноо me 


ВОММАҮ === 


Y=LATERAL DISTANCE OFF COURSE 
УАМТЕНСЕРТОН VELOCITY 


Fig. 7. Relation between heading error signal (sine) ond 
rate of change of lateral distance off course. 


a value that permits a maximum bank angle of 30 degrees 
in order to give gende turns. 

To provide required damping terms, signals. propor- 
tional ro both the bank angle of the aircraft and the aircraft 
roll rate are combined with the очгрис of the limiter. The 
resulting signal is used] tO deflect the control surfaces of 
the aircraft. 

Upon reaching a range to touchdown. of about 35,000 
feer while flying at an altitude of 1500 feet above the run- 
way, the aircraft will intercept che null plane of the glide- 
path radiation pattern. During the preceding phase, the 
glide-slope receiver will! have monitored the glide signal. 
When the glide-slope signal plus a signal proportional to 
the rate of change of che glide signal reach zero, a coinci- 
dence circuit operates, setting the switches to. position П. 
In effect, the rate of change of the glide signal provides an 
anticipatory command signal so thar the aircraft does not 
overshoot the glide-slopé null plane. A safety feature is in- 
cluded to prevent che aircraft from attempting to follow 
the glide-slope signals except under proper entrance con- 
ditions. Unless the aircraft is in che unsaturated portion of 
the localizer beam. ас сНе| cime the glide-slope beam. is inter- 
cepted, the coincidénce виси will not operate and che air- 
craft will continue со Ву at а constant altitude. 


Fig. 8. Relation between vertical distance and angle off 
course. 
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After Inteeceptin. of Glide-Slope Beam Null — After the 
coincidence circuit operates, the glide-path signal replaces 
the alritude-error signal ас the input of the AFCS longitu- 
dinal channel. The gain of che lateral channel is now varied 
to maintain an approximately constanr system gain, inde- 
pendent of range to touchdown.” 

As shown йл Figure 8, the vertical distance-off-course 
is approximately equal to the vertical angle-off-course, 7, 
multiplied by the range to the glide-slope transmitter. Since 
the aircraft flie$ down the glide-slope beam at a constant 
angle ( —2 degtees to —4 degrees), the range го the glide- 
slope transmittef ar any point is proportional со the aircraft's 
altitude at that point. Hence, if the vertical angle-off-course 
signal is multiplied by a quantity proportional to the air- 
craft's altitude, ithe resulting signal will be proportional го 
the vertical distance-off-course. 

A variablejgain circuit converts the vertical angle-off- 
course signal from the glide-slope receiver to a signal pro- 
portional to rhe'vertical distance-off-course. The gain-control 
potentiometer i$ servoed by the barometric altitude control 
unit in such a manner chat, as che aircraft descends che glide 
path, the gain is continuously reduced by a fraction equal 
to the range со, the glide-slope transmitter divided by the 
range to the cfansmitter when the aircrafr іпсеѓсерсѕ the 
null of the glide-path beam. (The gain of the circuit de- 
creases from unity, when the aircraft is at ап altitude of 
1500 feet, co 1/30, when rhe aircraft is about 50 feet above 
the runway.) 

The difference between the measured vertical accelera- 
tion (L—g séc $) and the vertical distance-off-course 
signal plus its rate of change"! gives one component of the 
symmetric-elevon-deflection command (request-for-elevacor- 
motion) signal, Another component is needed since the 
vertical acceleration signal would be balanced by the verti- 


MAs the range to touchdown decreases, a given distance-off- 
course results in án increasingly larger angle-off-course. 1f the accel- 
eration error signal were made directly proportional to the angle- 
off-course signal, and if the servo loop gain were optimized for a 
large range to tüuchdown, the servo loop would oscillate as the 
range ro touchdown decreased. 

! 


са! distance-off-course signal at some plane offset from the 
glide-slope null plane] and the aircraft would tend то fly 
down a path offset from the true glide path. In order to 
prevent this an جس‎ circuit is used co assure thar the 
glide-slope error is maintained zero. The output of the inte- 
grating circuit also contains a signal proportional to the rate’ 
of change of the vertical distance-off-course (derived from 
the integral of the measured vertical acceleration) to pro- 
vide a necessary damping term. | 

After the coincidence circuit operates, three changes 
occur in the lateral channel: 

First, the lateral angle-off-course signal is converted co; 
a lateral distance-off-course signal (see Figure 6) by means 
of a variable-gain circuit. The operation is similar to that 
described for che variable-gain circuit in the pitch channel 
except that the gain of the circuit in che roll channel varies: 
from unity to 1/8, the same ratio as variation in distance 
to the localizer transmitter. 

Second, the maximum permitted bank angle is reduced 
from 30 degrees to n degrees. During this phase, the air- 
plane is expected to fly nearly a straight path; consequently, 
horizontal turning signals are limited so thar the bank angle 
does not exceed 15 degrees. 

Third, а low-speed integrating circuit is inserted be- 
tween the output of the variable-gain circuit and the output 
of che AFCS roll chahnel. This is done because crosswinds 
or errors in rhe setting of the flux-gate compass would result 
in che aircraft's approaching а path offset from the В null 
plane since the ‘signal from this heading error would be bal- 
anced by a signal from che localizer receiver. Therefore, the 
aircraft would tend to fly in along a line of constant 8 = 0 
rather than a line of Bj— 0. (Since the presence of the head- 
ing error term adds to the stability of the system, it is left in 
with doubled gain.) [l'he use of the slow-speed integrating 
circuit, however, reduces the "stand-off" error to zero. 


۱۱۵ rate of change of the vertical distance-off-course signal 
provides damping. 
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A BRIEF DESCRIPTION OF ILS 


The function of ILS is to provide the pilot with a 


means of following a predecermined, precise pathway down 
to the runway in all kinds of weather. Normally, the actual 
touchdown is made visually after the system has brought 
the airplane inte the correct position to complete a landing, 

The essential ground elements of the ILS are (1) a 
localizer radio Gourse to furnish lateral guidance to the run- 
way, (2) a glide-slope radio course to furnish vertical guid- 


ance down the correct angle of descent to the runway, and 
(3) marker beacons to provide accurate position indications 
along the localizer path. Airborne components of the ILS 
are (1) receivers tuned to the localizer, glide-slope, and 
marker beacon fréquencies, (2) a cross-pointer indicator 
(activated by the outputs of che localizer and glide-slope 
receivers) to provide the pilot with visual steering infor- 
mation, and (3) visual indicators (activated Бу the ourput 
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of thé beacon, receiver) to provide the pilot with an indica- 
tion when the aircraft passes over a marker beacon. 

On the ground, а localizer unit, operating at approxi- 
mately 110 mc, provides. a directional pattern. (See Figure 
9) along the center line of the runway such char the beam 
on one side of the runway center line contains 90-cycle 
modulation while the beam on the other side contains 
150-cycle modulation, The signal received by che localizet 
receiver in the aircraft contains the two modulation fre- 
quencies; each has'a relative intensity determined by the 
lateral position of the aircraft with respect co the center line 
of the runway. Thelon-course path is che line of equisignal 
berween the modulation, on the two sides; chat is, along the 
runway center line! Similarly, a glide-slope unit, operating 
at approximately 330 mc, provides a directional pattern 
(See Figure 10) along the correct line of descent to the 
runway. 

The cross-poiriter indicator is actuated by the localizer 
and glide-slope signals. The localizer pointer is pivoted at 
the top of the indicator and swings left and right. The 
glide-slope pointer is pivoted at the left side of the indicator 
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Fig. 9. Localizer Beam geometry plan view (not to scale). 
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Fig. 10. Glide slope beam geometry profile view {not to 
scale). 


and swings up and down! The localizer (vertical) pointer 
indicates, by deflection, when the airplane is to one or the 
other side of the equisignal course. The glide-slope (hori- 
zontal) pointer indicates, Ьу deflection, the position of the 
airplane with respect ro the glide path: 

In making an instrumenc landing approach, che pilot 
must first enter the aircraft into the localizer beam. Inter- 
ception of che localizer beam is normally made at a distance 
of approximately 15 miles from the point of touchdown. 
The pilot descends to anl altitude of about 1500 feet and 
steers the aircraft. (‘flies tQ keep localizer pointer centered) 
to eliminare lateral errorswith respect to the extended run- 
way center line. Approaching at a terrain clearance altitude 
of 1500 feet, the airplane will intercept che glide-slope beam 
at a distance of about 6% miles from the point of touch- 
down. When the glide-slópe beam is intercepted, the pilot 
flies the aircraft down the glide path, using the glide-slope 
beam to guide his descent, by steering to keep che vertical 
pointer (as well as the horizontal pointer) centered. Ас 
about 1⁄4 mile from touchdown, and approximately 50 feet 
above the runway, the pilot normally carries out che. re- 
mainder of the landing visually. 
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FOR THOSE UNFAMILIAR WITH THE DYNAMICS OF FLIGHT 


To assist the réader in understanding the operation of 
the MG-10 automatic flight control subsystem, an elemen; 
tary discussion of some of the dynamics of flight is pre- 
sented below. ۱ 

An airplane is acted upon by a number of forces and 
torques, which are ‘functions of aircraft attitude, control 
surface deflections, lift, thrust, drag, and gravity. However, 
in the steady state, che predominant forces acting to change 
the flight path of the aircraft are the lift force and the 
force of gravity. 

The lift force Causes the aircraft to have a component 


of acceleration (L), called the lift accelerátión, normal to 
the wings. The force of gravity causés the aircraft to have 
à component of acceleration (g), called che acceleration of 
gravity, normal го che de surface. The vector sum of 
these two components is һе resultant norma! acceleration 
(ax). (See Figure 11.) This acceleration describes the rate 
and direction of change of the flight path. 

Since the purpose of In automatic flight control system 
is to control an aircrafe's|flight path, the measurement of 
ax in one form or апо ев is logically an important part of 
ics operation. In rhe casehof the MG-10 AFCS, it is con- 


CONFIDENTIAL 71 


CONFIDENTIAL 


venient to resolve’ the acceleration ay into components 
which are perpendicular and parallel го the wings, a, and 
aw respectively. Thése components are determined from the 
outputs. of a lift accelerometer”, which measures che lift 
acceleration, L, and a vertical gyro, which measures the 
sine and cosine (algo the secant) of the bank angle. (See 
Figure 12.) In the pilot assist mode of the AFCS, 

vertical component; of ax (av) is of interest. The deter- 
mination of this component is illustrated in Figure 13. 


12The lift accelerometer is an instrument which produces an 
output proportional to the component along the lift axis of the 
vector sum. of the force of gravity and the reactive force of the 
aircraft's acceleration. ЦЭ operation is. similar to chat of a mass sus- 
pended on a spring and constrained to move only along the lift 
axis. In this somewhat crude model, the mass is acted on by both 
the force of gravity and the reactive force of the aircraft's accelera- 
tion and causes the spring to stretch. The stretching of the spring is 
proportional to ax —iig cos $. 
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Fig. 12. Resultantinormal acceleration perpendicular and 
"parallel to the wings. 
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Fig. 11. Resultant mene acceleration from lift and 


brovity. 
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Fig. 13. Vertical component of resultant normal 
acceleration. 
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